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Fresenius Kabi Deutschland GmbH 74 March 11, 2004

VLM 2, 0ee mwiaT
Conjugates of Hydroxyalkyl Starch and G-CSF

The present invention relates to conjugates of .hydroxyalkyl starch and a granulocyte
colony stimulating factor protein (G-CSF) wherein these conjugates are formed by a
covalent linkage between the hydroxyalkyl starch or a derivative of the hydroxyalkyl

 starch and the protein. The present invention also relates to the method of producing these

conjugat&s and the use of these conjugates,

{

It is generally accepted that the stability of proteins can be improved and the immune

response against these proteins is reduced when these proteins are coupled to polymeric
molecules. WO 94/28024 discloses that physiologically actlve proteins modxﬁed with
polyethylene glycol (PEG) exhibit reduced i mmmunogenicity and antigenicity and circulate
in the bloodstream consxderably longer than unconjugated proteins, i.e. have a reduced

clearance rate.

G-CSF is a 21 kDa glycoprotein stabilized by two intréchain disulfide bonds and
containing a single O-linked carbohydrate moiety. Mature G-CSF has 174 amino acids. In
the animal body, G-CSF is synthesized by bone marrow stromal cells, macrophages and
fibroblasts. It main function is to be a growth and differentiation factor for peutrophils and
their precursor cells. However, it is also known in the art that G-CSF activates mature
neutrophils. In addition, it stimulates growth/differentiation of various other haemopoietic
progenitor cells (in synergy with additional haemopoietic growth féctors) and promotes
proliferation and migration of endothelial cells. Clinically, G-CSF is administered for the

‘treatment of deficiencies in neutrophil levels (Cahsed, e.g. by aplastic anaémia,

myelodysplasia, AIDS, or chemotherapy).

WO 02/09766 discloses, among others, biocompatible protein-polymer compounds which
are produced by conjugation of biologically active protein with a biocompatible polymer
derivative. The biocompatible polymers used are highly reactive branched polymers, and



10

15

20

25

30

-2-

the resulting conjugates contain a long linker between polymer derivative and protein. As
biocompatible polymers, polymers of formula (P-OCH;CO—NH—CHR-CO—),.—L-Qk-A are
described, wherein P and Q are polymeri;: residues -and k may be 1 or 0. For P and Q,
polyethylene glycol, polypropylene glycol, polyoxyethylene, polytrimethylene glycol,
polylactic acid and its derivatives, polyacrylic acid and its derivatives, polyammo acid,
polyvinyl alcohql, polyurethane, polyphosphazene, poly(L—lysme), polyalkylene oxide,
polyacryl. amide and water soluble polymers such as dextran or polysaccharide are
mentioned. As proteins, among others, alpha, beta and gamma interferons, blood factors,
cytokines such as interleukins, G-CSF, GM-CSF are mentioned. In the examples of WO

- 02/09766, only mono-, di- and tri-polyethyleneglycol derivatives are disclosed which are

coupled exclusively to interferon and epidermal growth factor, and human growth

hormone.

WO 94/01483 discloses biocompatible polymer conjugates which are formed by covalently -
binding a biologically inactive polymer or polymer derivative to a pharméceutically pure,
synthetic hydrophilic polymer via specific types of chemical bonds. As natin-alfy occuring
polymers and derivatives thereof, polysaccharides such as hyaluronic acid, proteoglycans
such as chondroxtm sulfates A, B and C, chitin, heparin, heparin sulfate, dextrans such as
cyclodextran, hydroxyethyl cellulose, cellulose ether and starch, lipids such as triglycerides
and phospholipids are disclosed. As synthetic polymers, among others, polyethylene and
derivatives thereof are described having an average molecular weight of from about 100 to
about 100,000. As proteins linked to the polymer or the polymer derivative, cytokines and
growth factors are described, including interferons, tumor necrosis factors, mterleukms
colony stimulating factors, growth factors such as osteogenic factor extract, epldenna] '

growth factor, transforming growth factor, platelet derived growth factor, acidic ﬂbroblast

growth factor and others are disclosed. In all working examples of WO 94/0]483
polyethylene glycols derivatives are used as polymer.

WO 96/11953 discloses N-terminally chemically modified p_roteinA compoimds and
methods of their production. Specifically, G-CSF compositions are described which result
from coupling a water soluble polymer to the N terminus of G-CSF. In the context of WO
96/11953, also consensus interferone N-terminally coupled to water soluble polymers are
disclosed. While a wide variety of water polymers are listed in WO 96/11953 (eg.
copolymers of ethylene glycol and propylene glycol, carboxymethyl cellulose, déxtran,‘ )
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polyvinyl alcohol, polyvinyl pyrrolidone, poly-1,3-dioxolane, poly-1,3,6-trioxane,

ethylene/maleic ahhydride copolymer, polyaminoacids (either homopolymers or random
copolymers), poly(n-vinyl pyrrolidone)polyethylene glycol, polypropylene . glycol

'homopOIymers, polypropylene oxide/ethylene oxide copolymers or polyoxyethylated

polyols), only PEGylated G-CSF or consensus IFN compositions are described in the
working examples of WO 96/11953.

US 6,555,660 B2 discloses polypeptide cbnjugates comprising a polypeptide exhibiting G-
CSF activity and baving an amino acid sequénce that differs from the amino acid sequence
of human G-CSF in at least one specified introduced and/or removed amino acid residue,
wherein the conjugate comprises an attachment group for a non-polypeptide moiety, and
further compri.ses at least one non-polypeptide moiety attached to the attachment group of
the polypeptide. The non-polypeptide moiety may be a polymer such as polyethylene
glycol or an oligosaccharide. In US 6,555,660 B2, it is explicitly and unambiguously stated
that PEG is by far the most preferred polymer molecule since it has only few reactive
groups capable of cross-linking compared to polysaccharides such as dextran.

WO 97/30148 relates to polypeptide conjugates with reduced allergenicity comprising a °
polymeric carrier molecule having two or more polypetide molecules coupled thereto.
These conjugates are preferably part of compositions used in the personal care market.
Said conjugates are produced by acﬁvaﬁng a polymeric carrier molecule, reacting two or’
more polypeptide molecules with the activated pblymeric carrier molecule and blocking of

~ residual active groups on the conjugate. As polymeric carrier moelcule, a vast variety is

listed in WO 97/30148, including such different groups of compound like natural or
synthetic homopolymers such as polyols, polyamines, ﬁol);carboxylic acids and
heteropolymers comprising at least two different attachment groups. Examples are given,
which comprise star PEGs, branched PEGs, polyvinyl alcohols, polycarboxylates,
polyvinylpyrrolidones and poly-D,L-amino acids. Among others, also dextrans such as
carboxymethyl dextran, celluloses such as hydroxyethyl cellulose or hydroxypropyl
cellulose, - hydrolysates of chitosan, starches such as hydroxyeihyl "starches or
hydroxypropyl starches, glycogen, agarose, guar gum, inulin, pullulan, xanthan gum,
catrageenin, pectin, alginic acid etc. are disclosed. As polypeptides, oiﬂy some enzymes
are explicitly disclosed. '
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Baldwin, J.E. et al., Tetrahedron, vol. 27 (1981), pp. 1723 - 1726 describe the chemical
modification of dextran and hydroxyethyl starch to give aldehyde substituted polymers
which are allowed to react with hemoglobin to give soluble polymer-bound hemoglobins.
These were shown to' be capable of binding oxygen, but heart perfusion experiments
clearly indicated that the polymer-bound hemoglobins were not suitable for use as blood
substitutes.

woO 99/49897 describes conjugates of hemoglobm formed by reacting polysaccharides
such as dextrane or hydroxyethyl starch with amino groups, of the hemoglobin. As
functional groups of the polysaccharide, aldehyde groups produced by oxidative saccharide
nng—opemng are used. As preferred reducing agent used, borane dimethylamine is
disclosed. Moreover, WO 99/49897 is exclusively limited to hemoglobin. -

WO 03/074087 relates to a method of coupling proteins to a starch-derived modified
polysaccharide. The binding action between the protein and the polysaccharide,
hydroxyalky! starch, is a covalent ﬁnkage which is formed between the terminal aldehyde
group or a functional group resulting from chemical modification of said terminal aldehyde
group of the hydroxy alkyl starch molecule, and a functional group of the protem As
reactive group of the protein, amino groups, thio groups and carboxyl groups are disclosed,
and aldehyde groups of the protein are not mentioned. Moreover, while a vast varicty of
possibilities of different linkages is given in the form of many lists, including different
functional groups, theoretzca]ly suitable different linker molecules, and different chemical
procedures, the working examples describe only two alternatives: first, an oxidized
hydroxyethyl starch is wused ~and coupled directly to proteins - using
ethyldimethylaminopropyl carbodiimide (EDC) activation, or a non-oxidized hydroxyethyl
starch is used and coupled directly to a protein forming a Schiffs base which is
subsequently reduced to the respective amine. Thus, the working examples of WO
03/074087 neither dlsclose a single conjugate coupled via a thio group or a carboxy group
of the protein, nor describe a conjugate comprising hydroxyethyl starch, the protein, and
one or more linker molecules. Additionally, no G-CSF molecule is used in the working

examples.
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Therefore, it was an object of the present invention to provide conjugates of hydroxyalkyl
starch, prefetably hydroxy ethyl starch, and G-CSF which are not yet described in the prior

art,

It is a further ob_;ect of the prment invention to provide methods of producmg these

-conjugates.

Therefore, the present invention relatcs to a method for preparmg a conjugate comprising a
protein and a polymer or a derivative thereof, wherein the polymer is a hydroxyalkyl starch
(HAS) and the protein is a granulocyte colony stimulating factor (G-CSF), the method
comprising reacting at least one functional group A of the polymer or the derivative thereof
with at least one functional group Z of the protein and thereby formmg a covalent linkage,
wherem Z is selected from the group consisting of an amino group, a thiol group, an
aldehyde group and a keto group, and '
- wherein, in case Z is an aldehyde group or a keto group, A comprises an amino
group forming said linkage with Z, or
- wherein, in case Z is an amino group, A is selected from the group consisting ofa
reactive carboxy group and an aldehyde group, a keto group or a hemiacetal
group, _ -
- wherein, in case A is an aldehyde group, a keto group or a hemiacetal group,
the method further compnses mu'oducmg A in the polymer to give a polymer
derivative -
—— by reacting the polymer with an at least bifunctional compound, one
functional group of which reacts with the polymer and at least one other
functional group of which isv an aldehyde group, a keto group or a
hemiacetal group, or is a functional group which is further chemically
modified to give an aldehyde group, a keto group or a hemiacetal
group, or
— by oxidizing the polymer to give at least one, in particular at least two
aldehyde groups, or ,
— wherein, in case A is a reactive carboxy group, the method further comprises
introducing A in the polymer to give a polymer derivative
—- by selectively oxidizing the polymer at its reducing end and activating
the resulting carboxy group, or



10

15

20

25

30

-6-

— by reacting the polymer at its non-oxidized ‘reducing end with a
carbonic diester, or
.- wherein, in case Z is a thiol group, A comprises
-~ amaleimido group or
= -ahalogenacetyl group
fonhing said linkage with Z.

Accordingly, the present invention also relates to a conjugate as obtainable by a method as

described above.

The G-CSF can be produced by chemical synthetic procedures or can be of any human (see
e.g. Burgess, A W. et al. 1977, Stimulation by human placental conditioned medium of
hemopoietic colony formation by human marrow cells, Blood 49 (1977), 573-583; Shah,
R.G: et al. 1977, Characterization of colony-stimulating activity produced"by human
monocytes and phytohemagglutmm stimulated lymphocytes, Blood 50 (1977), 811) or
another mammalian source and can be obtained by purification from naturally occurring
sources like human placenta, human blood or human urine. In addition, a lot of Epithelial .
carcinomas, ' acute myeloid leukemia cells. and various tumor cell lines (bladder

carcinomas, medulloblastomas), are capable to express this factor.

Furthermore, the cxpreSsioﬁ G-CSF encompasses also a G-CSF variant wherein one or
more amino acids (e.g. 1 to 25, preferably 1 to 10, more preferably 1 to 5, most preferred 1
or 2) have been exchanged by ariothér amino acid and which exhibits G-CSF activity (see
e.g. Riedhaar-Olson, J.F. et al. 1996, Identification of residues critical to the activity of
hmfxan granulocyte colony-stimulating factor, Biochemistry 35:9034-9041 1996; U.S. Pat.
Nos. 5,581476; 5,214,132; 5,362,853; 4,904,584). The measurement of G-CSF activity is
described in the art (for measurement of G-CSF activity in vitro see e.g. Shirafuji, N. et
al.1989, A new bloassay for human granulocyte colony-stlmulatmg factor (hG-CSF) using
murine myeloblastic NFS-60 cells as targets and estxmanon of its levels in sera from
normal healthy persons and patients with infectious and hematolog;cal disorders, Exp.
Hematol. 1989, 17, 116-119; for measurement of G-CSF activity in vivo see e.g. Tanaka,

. H. et al. 1991, Pharmacokinetics of recombinant human granulocyte colony-stimulating

factor conjugated to polycthylene glycol in rats, Cancer Research 51, 3710-3714,1991),
Further publications where tests for the measurement of the activity of G-CSF are U.S. Pat.
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No. 6,555,660; Nohynek, G.J. et al.1997, Comparison of the potency of glycosylatec'i and
nonglycosylated recombinant human granulocyte colony-stimulating factors in neutropénic
and nonneutropenic CD rats, Cancer Chemother Pharmacol (1997) 39;259-266.

Preferably, the G-CSF is recombinantly produced. This includes prokaryotic of eukaryotic
host expression of exogenous DNA sequences obtained by genomic or cDNA cloning or
by DNA synthesis. Suitable prokaryotic hosts include various bacteria such as E. coli.
Suitable eukaryotic hosts include yeast such as S. cerevisiae and mammahan cells such as
Chinese hamster ovary cells and monkey cells.

The recombinant pmducﬁon of a protein is known in the art. In general, this includes the
transfechon of host cells with an appropriate expression vector, the cultnvatlon of the host

cells u.nder conditions which enable the productxon of the protein and the purification of

the protein from the host cells. For detailed information see e.g. Souza, L. M.et al. 1986,

Recombinant human granulocyte colony-stimulating factor: effects on normal and |
leukemic myeloid cells, Science 1986 232:61-65,1986; Nagata, S. et.al. 1986, Molecular
cloning and expression of cDNA for human granulocyte colony-stimulating factor, Nature -
319:415-418, 1986; Komatsu, Y. et al. 1987, Cloning of Qanulocyte colony-stimutating -
factor cDNA from human macrophages and its expression in Escherichia coli, Jpn J Cancer - '
Res. 1987 78(11):1179-1181. ' '

In a preferred embodiment, the G-CSF has the amino acid sequence of human mature G-
CSF (see e.g.; Nagata, S. et. al.1986, Molecular cloning and expression of cDNA for
human granulocyte colony-stimulating factor, Nature 319:415-418, 1986 ), and may
further contain a methionin at its amino terminus, which then results in a protein of 175
amino acids. Furthrerﬁore, instead of the methionine, G-CSF may. contain a serine or a

threonine residue.

. The G-CSF used in the methods of the present'invention and the conjugates according to

the present invention may comprise one carbohydrate side chain attached to the G-CSF via
O-linked glycosylation at the position Thr 133, i.e. the G-CSF is glycosylated (V. Gervais
et al.,Eur. J. Biochem. 1997, 247, 386-395). The structure of the carbohydrate side chain
may be NeuNAc(alpha2-3)Gal(betal-3)[NeuNAc(alpha2-6)]GalNAc und (alpha2-
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3)Gal(beta]-3)GalNAc (NeuNAc = N-acetylneuramic acid, GalNAc = N-
acetylgalactosamine). ‘

Modification of G-CSF and other polypeptides so as to introduce at least one additional
carbohydrate chain as compared to the native polypeptide has been suggested (U.S. Pat.
No. 5,218,092). Depending on the host employed, the G-CSF expression product may be

'glycosylated with mammalian or other eukaryotic carbohydrates. Usually, when G-CSF is -

produced in eukaryotic cells, the protein is posttranslationally glycosylated. Consequently,
the carbohydrate side chain may have been attached to the G-CSF during biosynthesis in

mammalian, especially human, insect or yeast cells.

Recombinant human G-CSF (thG-CSF) is generally used for treating various forms of

: leukoperiia. Thus, commercial preparations of thG-CSF are available under the names

filgrastim (Gran® and Neupogen®), lenograstim (Neutrogin® and Granocyte®) and
nartograsum (Neu-up®). Gran® and Neupogen® are nbn-glycosylated and produced in
recombinant E. coli cells. Neutrogin® and_ Granocyte® are élyoosylated and produced in
recombinant CHO cells and Neu-up® is non-glycosylated with five amino acids
substituted at the N-terminal region of intact rhG-CSF produced in recombinant E. coli

cells.

As glycosylated protein, any glycosylated G-CSF such as Granocyte® may be employed.
As non-glycosylated G-CSF, any non-glycosylated G-CSF such as Neupogen® may be
employed in the methods and conjugate according to the present inventior_x. .

Furthermore, at position -1, G-CSF may contain a methionine amino acid residue, a serine

residue, or a threonine residue.

In the context of the present invention, the term "hydroxyalkyl starch” (HAS) refers to a
starch derivative which has -been. substituted by at least one hydroxyalkyl group. A
preferred hydroxyalkyl starch of the present invention has a constitution according to

formula (T)
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terminal saccharide unit is shown in the acetal form which, dependmg on e.g. the solvent,
may be in equilibrium with the aldehyde form,

The term hydroxyalkyl starch as used in the present invention is not limited to compounds
where the terminal carbohydrate moiet}; comprises hydroxyalkyl gi'oups Ry, Ry, and/or Ry
as depicted; for the sake of brevity, in formula (I), but also refers to compounds in which at
least one hydroxy group present anywhere, either in the terminal carbohydrate moiety
and/or in the remaining part of the starch molecule, HAS), is substituted by a hydroxyalkyl
group Ry, Rz, or Rs. ' ' .

Hydroxyalkyl starch comprising two or more different hydroxyalkyl groups are also
possible. ‘ ' '

;I'he at least one hydroxyalkyl group comprised in HAS may contain two or more hydroxy

groups. According to a preferred embodiment, the at least one hydroxyalkyl group

comprised in HAS contains one hydroxy group.

The expression "hydroxyalky! starch” also includes derivatives wherein the alkyl group is
mono- or polysubstituted. In this context, it is preferred that the alkyl group is substituted '
with a halogen, especially fluorine, or with an aryl group. Furthermore, the hydroxy group
of a hydroxyalkyl group may be esterified or etherified.

Furthermore, instead of alkyl, also linear or branched substituted or unsubstituted alkene
groups may be used. '
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Hydroxyalkyl starch is an ether derivative of starch. Besides of said ether derivatives, also
other starch derivatives can be used in the context of the present invention. For example,

derivatives are useful which comprise esterified hydroxy groups. These derivatives may be
eg. denvatlves of unsubstituted mono- or dxcarboxyhc acids with 2-12 carbon atoms or of
substituted derivatives thereof, Especially useful are derivatives of unsubstituted
monocarboxylic acids with 2-6 carbon atoms, especially derivatives of acetic acid. In this

context, acetyl starch, butyl starch and propyl starch are preferred.

Furthermore, derivatives of unsubstituted dicarboxylic acids with 2-6 carbon atoms are
preferred.

In the case of derivatives of dicarboxylic acids, it is useful that the second carboxy group
of the dicarboxylic acid is also esterified. Furthermore, derivatives of monoalkyl esters of
dicarboxylic acids are also suitable in the context of the present invention.

For the substituted mono- or dicarboxylic acids, the substitute groups may be preferably
the same as mentioned above for substituted alkyl residues.

'Techniques‘ for the esterification of starch are known in the art (sée €.g. Klemm D. et al,
‘Comprehensive Cellulose Cheinistry Vol. 2, 1998, Whiley-VCH, Weinheim, New York,
especially chapter 4.4, Esterification of Cellulose (ISBN 3-527-29489;9).

According to a preferred embodiment of the present invention, hydroxyalkyl starch
according to formula (I) is employed. In formula (D, the saccharide ring described
exblicitly and the residue denoted as HAS' together represent the preférred hydroxyalkyi
starch molecule. The other saccharide ring structures comprised in HAS' may be the same
as or different from the explicitly described saccharide ring.

As far as the residues R;, R» and R3 according to formula (I) are concerned there are no
specific limitations. According to a preferred embodiment, R,, R; and R; are independently
hydrogen or a hydroxyalkyl group, a hydroxyaryl groﬁp, a hydfoxyaralkyl group or a
hydroxyalkaryl group having of from 2 to 10 carbon atoms in the respective alkyl residue.
Hydrogen and hydroxyalkyl groups having of from 2 to 10 are preferred. More preferably,
the hydroxyalkyl group has from 2 to 6 carbon atoms, more preferably from 2 to 4 c'arbqn
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atoms, and even more preferably from 2 to 4 carbon atoms. "Hydroxyalkyl starch"
therefore preferably comprises hydroxyethyl starch, hydroxypropyl starch -and
hydroxybutyl starch, wherein _hydroxyethyl starch and hydroxypropyl starch are
particularly preferred and hydroxyethyl starch is most preferred.

The alkyl, aryl, amlkyl and/or alkaryl group may be linear or branched and suitably
substltuted

Therefore, the present invention also relétés to a method as described above wherein R, Ry
and Rj; are mdependent.ly hydrogen or a linear or branched hydroxyalkyl group w1th from 1

to 6 carbon atoms.

'I"hus, Ri, R; and R; preferably may be hydroxyhexyl, hydroxypentyl, hydroxybutyl,

hydfoxypropyl such as’ 2-hydroxypropyl, 3-hydroxypropyl, 2-hydroxyisopropyl,
hydroxyethyl such as' 2-hydroxyethyl, hydrogen and the 2—hydroxyethyl group being
especially preferred.

Therefoie, the present invention also relates to a method and a conjugate as described
above wherein R), Rz and R; are independently hydrogen or a. 2-hydroxyethyl group, an
embodiment wherein at least one residue R;, R; and R being 2-hydroxyethyl being
eSpeclally preferred.

Hydroxyethyl starch (HES) is most preferred for all embodiments of the present invention.

* Therefore, the present invention relates to the method and the conjugate as described
. above, wherein the polymer is hydroxyethyl starch and the polymer derivative is a

hydroxyethyl starch derivative,

Hydroxyethyl stafch (HES) is' a derivative of naturally occurring amylopectin and is
degraded by alpha-amylase in the body. HES is a substituted derivative of the carbohydrate

' "polymer amylopectin, which is present in corn starch at a concentration of up to 95 % by

weight. HES exhibits advantageous biological properties and is used as a blood volume
replacement agent and in hemodilution therapy in the clinics (Sommermeyer et al., 1987,
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Krankenhauspharmazie, 8(8), 271-278; and Weidler et al., 1991, Arzneim.-
Forschung/Drug Res., 41, 494-498).

Amylopectin consists of glucose moieties, wherein in the main chain alpha-1,4-glycosidic
bonds are present and at the branching sites alpha-1,6-glycosidic bonds are found. The
physical-chemical properties of this molecule are mainly determined by the type of
glycosidic bonds. Due to the nicked alpha-1,4-glycesidic bond, helical structures with
about six glucose-monomers per turn are produced. The physico-chemical as well as the
biochemical propetties of the polymer can be modified via substitution. The introduction
of a hydroxyethyl group can be achieved via alkaline hydroxyethylatzon. By adapting the
reaction conditions it is possible to exploit the different reactivity of the respective hydroxy .
group in the unsubstituted glucose monomer with respect to a hydroxyethylation. Owing to

" this fact, the skilled person is able to influence the substitution pattern to a hmxted extent.
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HES is mainly characterized by the molecular weight distribution and the degree of
substitution. There are two possibilities of descri_bing the substitution degree:

1. The degree can be described relatively to the portion of substituted glucose
monomers with respect to all glucose moieties.
2. The degree of substitution can be described as the molar substitution, wherein the

number of hydroxyethyl groups per glucose monety are described.
In the context of the present invention, the degree of substitution, denoted as DS, relates to

the molar subst:tutxon, as described above.

HES sr;]uﬁons are present as polydisperse compositions, wherein each molecule differs
from the ‘other with respect to the polymerisation degree, the number and pattemn of
branching sites, and the substitution pattern. HES is therefore a mixture of compounds with -

. different molecular weight. Consequently, a particular HES solution is determined by

average molecular weight with the help of statistical means. In this context, M,, is
calculated as the arithmetic mean depending on the number of molecules. Alternatively,
M,, (or MW), the weight mean, represents a unit which depends on the mass of the HES.,

In the context of the present invention, hydroxyethyl starch may preferably have a mean
molecular weight (weight mean) of from 1 to 300 kD. Hydroxyethyl starch can further

- exhibit a preferred molar degree of substitution of from 0.1 to 0.8 and a préferrgd ratio
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between C; : Cs substitution in the range of from 2 to 20 with respect to the hydroxyéthyl
groups. :

The term "mean molecular weight” as used in the context of the present invention relates to
the weight as determined according to Sommermeyer et al., 1987, Krankenhauspharmazie,
8(8), 271-278; and Weidleretal., 1991, Arzneim.-Forschung/Drug Res., 41, 494-498.

According to a preferred embodiment of the present invention, the mean molecular weight
of hydroxyethyl starch employed is from 1 to 300 kD, more preferably from 2 to 200 kD,
more preferébly of from 4 to 130 kD, more preferably of from 4t070kD.

An example of HES baving a mean moelcular weight of about 130 XD is a HES with a
degree of substitution of 0.2 to 0.8 such as 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, or 0.8, preferably of -
0.4 t0 0.7 such as 0.4, 0.5, 0.6, or 0.7.

An example for HES with a mean molecular weight of about 130 kD is Voluven® from
Fresenius. Voluven® is an attifical colloid, employed, e.g., for volume replacement used in
the therapeutic indication for therapy and prophylaxis of hypovolaemia. The characteristics -
of Voluven® arc a mean molecular weight of 130,000 +/- 20,000 D, a molar substitution of
0.4 and a C2 : C6 ratio of about 9:1.

Therefore, the present invention also relates to a method and to conjugaies as described
above wherein the hydroxyalkyl starch is hydroxyethyl starch bhaving a mean molecular
weight of from 4 to 70 kD. ' ' ’

Preferred ranges of the mean molecular weight are, €.g., 4 to 70kD or 10t0 70kD or 12 to
70 kD or 18to70kDor50to70kDor4to 50 kD or 10 to 50 kD or 12 to 50 kD or 18 to
50kDor4to18kDor10to 18kDor12to 18 kDor4to 12kD or 10to 12kD or 4 to 10

" xD.

According to particularly prefefred embodiments of the present invention, the mean
molecular weight of hydroxyethyl starch employed is in the range of frém more than 4 kD
and below 70 kD, such as about 10 kD, or in the range of from 9 to 10 kD or from 10to 11
KD or from 9 to 11 kD, or about 12 kD, or in the range of from 11 to 12 kD or from 12 to
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13 kD or from 11 to 13 kD, or about 18 kD, or in the range of from 17 to 18 kD or from 18
to 19 kD or from 17 to )9 kD, or about 50 kD, or in the range of from 49 to 50 kD or from

50 to 51 kD or from 49 to 51 kD.

As far as the degree of substitution (DS) is concerned, DS is preferably at least 0.1, more
preferably at least 0.2, and more preferably at least 0.4. Preferred ranges of DS are from
0.1 to 0.8, more preferably from 0.2 to 0.8, more preferably from 0.3 to 0.8 and even more

" preferably from 0.4 to 0.8, still more preferably from 0.1 to 0.7, more preferably from 0.2

to 0.7, more preferably from 0.3 to 0.7 and more preferably from 0.4 to 0.7. Particularly
prefqrrcd val_ues of DS are, ¢.g., 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7 or 0.8, with 0.2, 0.3, 0.4, 0.5,
0.6, 0.7 or 0.8 being moré preferred,. 0.3, 0.4, 0.5, 0.6, 0.7 or 0.8 being even more
preferred, 0.4, 0.5, 0.6, 0.7 or 0.8 being still more preforred and, e.g. 0.4 and 0.7 being
parﬁcxilérly‘ preferred.

. Particularly preferred combinations of molecular weight of the hydroxyalkyl starch,

preferably hydroxyethyl starch, and its degree of substitution DS are, e.g., 10 kD and 04or
10 kD and 0.7 or 12 kD and 0.4 or 12 kD and 0.7 or 18 kD and 0.4 or 18 kD and 0.7 or 50
kD and 0.4 or 50 kD and 0.7.

As far as the ratio of C, : Cs substitution is concerned, said substitution is preferably in the
range of from 2 to 20, more preferably in the range of from 2 to 15 and even more

preferably in the range of from 3 to 12.

According to'a further embodiment of the présent invention, also mixtures of hydroxyethyl
starches may be employed having différent mean molecular weights and/or different
degrees of substitution and/or different ratios of Cz: Cg substitution. Therefore; mixtures of
hydroxyethyl starches may be empldyed having different mean molecular weights and
different degrees of substitution and different ratios of Cz : Cs substitution, orlhaving
different mean molecular weights and Vdifferent degrees of substitution and the same or
about the same ratio of C; : Cg substitution, or having different mean molecular W_eights
and the same or about the same degree of substitution and different ratios of C; : Cs
substitution, or having the same or about the same mean molecular weight and different
degrees of substitution and different ratios of C; : Cs substitution, or having different mean
molecular weights and the same or about the same degree of substitution and the same or
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about the same ratio of C; : Cg substitution, or having the same or about the same mean
molecular weights and different degrees of substitution and the same or about the same
ratio of C; : Cs substitution, or having the same or about the same mean molecular weight
and the same or about the same degree of substitution and different ratios of C; : Cs
substitution, or having about the same mean molecular weight and about the same degree

of substitution and about the same ratio of C; : Cg substitution.

In different conjugates and/or different methods according to the present invention,
different hydroxyalkyl starches, preferably different hydroxyethyl starches and/or different
hydroxyalkyl starch mixtures, preferably different hydroxyethyl starch mixtures, may be

. employed.

According to one embodiment of the present invention, the functional group Z of the .

.protein-is an aldehyde group or a keto group. Therefore, the present invention relates to a

method and conjugates as described above, wherein the functional group Z of the protein is
an aldehyde group or a keto group. :

. While there are no general festrictions as to the location of the aldehyde or keto group

within the protein, the aldehyde or keto group is, according to a preferred émbodiment of
the present invention, located in a carbohydrate side chain of the protein. Therefore, inthe
context of this embodiment, a glycosylated protein is employed. '

As glycosylated protein, any glycosylated G-CSF such as Granocyte® may be employed.

In the context of the presetlxt invention, the term ”carbohydraté side chain” refers to
hydrokyaldehydes or hydroxyketones as well as to' chemical modifications thereof (see
Rémpp Chemielexikon, Thieme Verlag Stuttgart, Germany, 9™ edition 1990, Volume 9,
pages 2281-2285 and the literature citéd therein). Furthermore, it also refers to derivatives
of naturally oc'c\m'ng carbohydrate moieties like, galactose, N~écetylneuramic acid, and N-.
acetylgalactosamine) and the like. In case a mutant of G-CSF is employed being N-
glycosylated, a carbohydrate moiety may be mannose. . . ' .

In an even more preferred embodiment, the aldehyde group or the keto group is part of a
galactose residue of the carbohydrate side chain. This galactose residue can be made
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available for reaction with the functional group A comprised in the polymer or polymer
derivative by removal of terminal sialic acids, followed by oxidation, as described

bereinunder.

In a still further preferred embodiment, the polymer or polymer derivative comprising
functional group A is linked to a sialic acid residue of the carbohydrate side chains,
preferably the terminal sialic acid residue of the carbohydrate side chain.

Oxidation of tenminal carbohydrate moicties can be performed either chemically or
enzymatically.

Methods for the chemical oxidation of carbohydrate moieties of polypeptides are known in
the art and include the treatment with periodate (Chamow et al., 1992, J. Biol. Chem., 267,
15916-15922). )

By chemically oxidizing, it is in principle possible to oxidize any carbohydrate moiety,
being terminally positioned or not. However, by choosing mild reaction conditions it is
possible to preferably oxidize the terminal sialic acid of a carbohydrate side chain to give -

~ the 'aldehyde group or the keto group.

According to one embodiment of the present invention, said mild reaction conditions relate

‘tohreacting_the protein with a suitable aqueous periodate solution, having a preferred
periodate concentration in the range of from 1 to 50 mM, more perferably of from 1 to 25

mM and especially perferably of from 1 to 10 mM such as about 1 mM, and at a preferred

reaction temperature of from 0 to 40 °C and especially preferably of from 0 to 21 °C such

as about ° ‘;C, and for a preferred reaction time of from 5 min to 5 h, more preferably from
10 min to 2 h and especially preferably from 10 min. to 1 h such as about 1 h. The

preferred molar ratio of periodate : protein is from 1:200 to 1:1 and more preferably from

1:50 to 1:5. such as about 15 : 1. ‘

Therefore, the present invention also relates to a method and a conjugate as described
above, wherein, prior to the reaction of the protein and the polymer or polymer derivate, a
glycosylated protein is reacted with a periodate solution to give a protein having an’ ‘
aldehyde group or a keto gmﬁp located in the oxidized carbohydrate side chain.
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Alternatively, the carbohydrate side chain may be oxidized enzymatically. Enzymes for the
oxidation of the individual carbohydrate side chain are known in the art, e.g. in the case of
galactose the enzyme is palactose oxidase. If it is intended to oxidize terminal galactose

" moieties, it will be eventually necessary to remove terminal sialic acids (partially or
 completely) if the polypeptide has been produced in cells capable of éﬁaching sialic acids

to carbohydrate chaips, e.g. in mammalian cells or in cells which have been genctically
modified to be capable of attaching sialic qcids to carbohydrate chains. Chemical or

' enzymatic methods for the removal of sialic acids are known in the art (Chaplin and

Kennedy (eds.), 1996, Carbohydrate Analysis: a practical approach, especially Chapter 5
Montreuill, Glycoproteins,' pages 175-177; IRL Press Practical approach series (ISBN 0-
947946-44-3)).

According to another preferred embodiment of the present inverition, the aldehyde group
or keto group may be located at the N terminus of the protein and is accessible by suitable
oxidation. Especially in the case that a hydroxy group containing amino acid is located at
the N terminus of the protein, such as threonine or serine, oxidation of said N-terminal
amino acid can be carried out leading to said keto group or an aldehyde group. Theronine,
is the N terminal amino acid in human derived G-CSF. An additional N-terminal serine or -

‘threonine may be introduced in any protein showing G-CSF like activity by molecular

. biological methods. This protein or the protein expressing the human amino acid sequence

25

30

may be produced by expression in prokaryotic or. eukaryétic cells such as bacteria,
mammalian, insect or yeast cells, and which may or may not be glycosylated. As method

for the chemical oxidation of the suitable N-terminal amino acid, any conceivable method

may be applied, with the oxidation with periodate being preferred.

Accbrding to a further preferred embodiment of the present invention, said mild reaction

conditions relate to reacting the protein with a suitable aqueous periodate solution, having
a preferred p‘eriodaté concentration in the range of from 1 to 50 mM, more perferablj of
from 1 to 25’ mM and especially perferably of from 1 to 10 mM such as about 1 mM, and
at a preferred reaction temperature of from O to 40 °C and especially preferably of from 0
to 21 °C such as about 0 °C, and for a preferred reaction time of from 5 min to 5 h, more -
preferably from 10 min to 2 h and especially preferably from 10 min. to 1 h such as about 1 |
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h. The preferred molar ratio of periodate : protein is from 1:200 to 1:1 and more preferably

from1:50 to 1:5. such as about 15: 1.

Therefore, the present invention also relates to a method and a conjugate as described

above, wherein the aldehyde group or the keto group is located in a carbohydrate side

chain of the protein and/or at the N-terminal group of the protein.

The oligosaccharide pattemA of proteins produced in eukaryotic cells thus having been
posttranslationally glycosylated, are not identical to the human derived proteins. Moreover,

many glycosylated proteins do not have the desired number of terminal sialic acid residues

‘masking a further carbohydrate moiety such as a galactose residue. Those further

carbohydrate moieties such as a galactose residue, however, if not masked, are possibly
respoﬁsible for disadvantages such as a shorter plasmé half-life of the protein in possible
uses of the protein as a medicament. It was surprisingl.y found that by providing a protein -
conjugate formed by a hydroxyalkyl starch polymer, preferably a hydroxyethyl starch
pdlymer, which is covalentiy linked, e.g. via an oxime linkage as disclosed hereinunder, to
a carbohydrate moiety of .a carbohydrate side chain of the protein, either directly or via at

7 -least one linker compounds such as one or two linker -compounds, it is possible to

' overcome at least the above mentioned disadvantage. Hence it is believed that by coupling

a hydroxyalkyl starch polymer or derivative thereof, preferably a hydroxyethyl starch -

. bdlynger or a derivative thereof, to at least one carbohydrate side chain of a glycosylated
) protein, the lack of suitable terminal carbohydrate residues located at a carbohydrate side

chain is compensated. According to another aspect of the invention, providing the
respective conjugate with a hydroxyalky] starch polymer or derivative thereof, preferably a
hydroxyethyl starch pd]ymer or a derivative thereof, coupled to the oxidized carbohydrate

-moiety as described above, does not only compensate the disadvantage but provides a

- protein conjugate having better characteri'stics in the desired field of use than the respective

naturally occuring protein. Therefore, the respective conjugates according to the invention
have a compensational and even a synergistic effect on the protein. It also possible that
even proteins which are identical to human proteins or which are human proteins do not
have the desired number of suitable masking terminal carbohydrate residues such as silaic
acid residues at naturally occuring carbohydrate moieties. In such cases, providing the
respective conjugate with a hydroxyalkyl starch polymer or derivative thereof, preferably a
hydroxyethyl starch polymer or a derivative thereof, coupled to the oxidized carbohydrate
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moiety as described above, does not only overcome and compensate a disadvantage of an
artificially produced protein, but improves the characteristics of the a natural naturally
occuring protein. As to the functional group of the hydroxyalkyl starch, preferably

- hydroxyethyl starch, or a derivative thereof, which is coupled to the aldehyde group or keto

group of the oxidized carbohydrate moiety of the protein, reference is made to the
functional groups A as disclosed hereinunder. This general concept is not only applicable
to glycosylated G-CSF, but principally to all glycosylated having said lack of terminal
carbohydrate residues. Among others, erythropoietin (EPO), interferone beta 1a (IFN beta
1a), AT, factor VII, factor VIII, factor IX, alphal-antitrypsin (A1AT), htPA, or GM-
CSF may be mentioned. ' '

Therefore, the present invention also relates to the use of hydroxyalkyl starch, preferably
hydroxyethyl starch, or a derivative thereof, for compensating the lack of terminal
carbohydrate residues, preferably sialic z;cid rgsidu&s, in npaturally occuring or
posttranslationally attached carbohydrate moieties of a protein, by covalently coupling the
starch or derivative thereof to at least one oxidized carbohydrate moiety of a protein having
at least one keto or aldehyde group. ' |

Accordingly, the present invention also relates to a method for éompensat_ing the lack of .-
terminal carbohydrate residues, preferably sialic acid residues, in naturally occuring or

_ posttranslationally attached carbohydrate -moieties of a protein, by covalently coupling

hydroxyalkyl starch, preferably hydroxyethyl starch, or a derivative thereof to at least one
oxidized carbohydrate moiety of a protein having at least one keto or aldehyde group,
preferably via an oxime linkage. ' ' ‘

Moreover, the preéent invention also relates to a conjugate formed by covalent linkage of a
hydroxyalkyl starch, preferably hydroxyethyl starch, or a derivative thereof, to at least one
oxidized carbohydrate moiety of a protein, said protein being either isolated from natural

" sources or produced by expression in eukaryotic cells, such as mammalian, insect or yeast

cells, said carbohydrate moiety having at least one keto or aldehyde group, wherein the
conjugate has in the desired field of use, preferably the use as medicament, the same or

better characteristics than the respective unmodified protein.
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In case functional group Z of the protein is an aldehyde group or a keto group, functional
group A of the polymer or the derivative thereof comprises an amino group according to

. the structure -NH-.

Therefore, the present invention also relatés to a method and a conjugate as described
above wherein the functional group A capable of being reacted with the optionally
oxidized reducing end of the polymer, comprises an amino group according to structure -
NH-. '

According to one preferred embodiment of the present invention, this functional group A is
a group having the structure R'-NH- where R' is hydrogen or a alkyl, cycloalkyl, aryl,
aralkyl, arylcycloalkyl, alkaryl or cycloalkylaryl residue where the cycloalkyl, aryl,

" aralkyl, arylcycloalkyl,' alkary] or cycloalkylaryl residue may be linked directly to the NH

group or, according to another embodiment, may be linked by an oxygen bridge to the NH
group. The alkyl, cycloalkyl, aryl, aralkyl, arylcycloalkyl, alkaryl, or cycloalkylaryl
residues may be suitably substituted. As preferred substituents, halogenes such as F, Cl or
Br may be mentioned. Especially preferred'residues R’ are hydrogen, alkyl and alkoxy
groups, and even more preferred are hydrogen and unsubstituted alkyl and alkoxy groups.

Among the alkyl and alkoxy groups, groups with 1, 2,3, 4, 5, or 6 C atoms are preferred.
More preferred are methyl, ethyl, propyl isopropyl, methoxy, ethoxy, propoxy, and
isopropoxy groups. Especially preferred are mcthyl ethyl, methoxy, ethoxy, and particular

preference is given to methyl or methoxy.

Therefore, the present invenfion also relates to a method and a conjugate as described

" above wherein R' is hydrogen or a methyl or a methoxy group.

According to another preferred embodiment of the present invention, the functional group
A has the structure R-NH-R"- where R" preferably comprises the structure ‘unit -NH-
and/or the structure unit -(C=G)- where G is O or S, and/or the structure unit -S0,-.
According to more preferred embodiments, the functional group R" is selected from the

group consisting of
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§ H o)
R (R 'S
PN .G G o)
R M
~ \n/ ~
and - G

where, if G is present twice, it is independently O or S.

Therefore, preferred functional groups A compﬁsing an amino group -NH,, are, e.g.,

N R RS RN
' ,N o - HN( ﬂ
H,N \“/ N—S—
G | o)
N N N e
H,N~ \ﬂ/ ™~ -~ HN7 \ﬂ/ ~
G G

wherein Gis O or S and, if present tvﬁce, independently O or S, and R' is methyl.

Especially preferred functional groups A comprising an amino group are aminooxy groups
i o ) o .
HNTTS . RTONT

H>N-O- being particularl_y pl;eferred, and the hydrazido group

N
oy
B G

where G is preferably 0.

'I'herefore,_ the present invention also relates to a method as described above, wherein the
functional group Z of the protein is an aldehyde group or a keto group, and the functional
group A is an aminooxy group or a hydrazido group. According to an especially preferred’
embodiment of the present invention, A is an aminooxy group.
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Thus, the present invention also relates to a conjugate, as descnbed above, wherein the
functional group Z of the protein is an aldehyde group or a keto group, and the functional

group A is an aminooxy group or a hydrazido group. According to an especlally preferred
embodiment of the present invention, A is an aminooxy group.

When reacting the aminooxy group of the polymer or polymer derivative with the aldehyde
group or keto group of the protein, an oxime linkage is formed.

Therefore, the present invention also relates to a conjugate as described above, wherein the
covalent linkage between the protein and the polymer or polymer deri\}ative is an oxime
linkage formed by the reaction of functional group Z of the protein, said functional group Z
being an aldehyde group or a keto group, and functlonal group A of the polymer or
polymer derivative, said functional group A being an aminooxy group.

When reacting the hydrazido group of the polymer or polymer derivative with the aldehyde
group or keto group of the protein, a hydrazone linkage is formed.

Therefore, the present invention also relates to a conjugate as described above, wherein the

covalent linkage between the protein and the polymer or polymer derivative is a hydrazone

linkage formed by the reaction of functional group Z of the protein; said functional group Z

being an aldehyde group or-a keto group, and functional group A of the polymer or

- polymer derivative, said functional group A being a hydrazido group.

" In order to introduce functional group A into the polymer, no specific restrictions exist

given that a polymer derivative results comprising functional group A.

According to a preferred embodiment of the present invention, the functional group A is
introduced in to the bolymer by reacting the polymer with an at least bifunctional
compound, one ﬁmcti_onal group of which is capable of being reacted with at least one
functional group of the polymer, and at least one other functional group of the at least
bifunctional compound being functional group A or being capable of being chermcally
modified to g;ve funcnonal group A, )
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According to a still further preferred embodiment, the polymer is reacted with the at least

bifunctional compound at its optionally oxidized nedﬁcing end.

In case the polymer is reacted with its non-oxidized reducing end, the polymer preferably
5 hasthe constitution

wherein in formula (D), the aldehyde form of the non-oxidized reducing end is included.

In case the polymer 1s reacted thh its oxidized reducing end, tbe polymer preferably has
the constitution accordmg to formula (Ila)

(ila)

10  and/or according to formula (IIb)

HAS'
~ (ITb)

The oxidation of the reducing end of the polymer, preferably hydroxyethyl starch, may be
carried out according to each method or combination of methods which result in

- compounds having the above-mentioned structures (IIa) and/or (1Ib).
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~ Although the oxidation may be carried out according to all suitable method or methods

resulting in the oxidized reducing end of hydroxyalky! starch, it is preferably carried out
using an alkaline iodine solution as described, e.g., in DE 196 28 705 A1l the respective
contents of which (example A, column 9, lines 6 to 24) is incorporated herein by reference.

As functional group of the at least bifunctional compound which is capable of Being
reacted with the optionally oxidized reducing end of the polymer, each functional group
may be used which is capable of forming a chemical linkage with the optionally ox1dlzed :
reducing end of the hydroxyalkyi starch. .

: Accordmg to a preferred embodiment of the present invention, this functional group

comprises the chechal structure -NH-.

Therefore, the present invention also relates to a method and a conjugate as described
above wherein the functional group of the at least bifunctional compound, said functional
group being capable of being reacted with the optionally oxidized reducmg end of the
polymer comprises the structure -NH-. :

* According to one preferred embodiment of the present invention, this functional group of

the at least bifunctional compound is a group having the structure R':NH- where R’ is

_hydrogen or a alkyl, cycloalkyl, aryl, aralkyl, arylcycloalkyl, alkaryl or cycloalkylaryl

residue where the cycloalkyl, aryl, aralkyl, arylcycloalkyl, alkaryl or cycloalkylaryl residue
may be linked directly to the NH group or, according to another embodiment, may be
linked by an oxygen bridge to the NH group. Thé alkyl cycloalkyl, aryl aralkyl,
arylcycloalkyl, alkaryl, or cycloalkylary] residues may be suitably substituted. As preferred -
substituents, halogenes such as F, Cl or Br may be mentioned. Bspecnally preferred
residues R' are hydrogen, alkyl and alkoxy groups, and even more preferred are hydrogen

“and unsubstituted alkyl and alkoxy groups.

. Among the alkyl and alkoxy groups, groups with 1, 2, 3, 4, 5, or 6 C atoms are preferred.

More preferred are methyl, ethyl, propyl, isopropyl, methoxy, ethoxy, propoxy, and
isopropoxy groups. Especially preferred are methyl, ethyl, methoxy, ethoxy, and particular

preference is given to methyl or methoxy.
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Therefore, the present invention also relates to a method and a conjugate as described

above wherein R’ is hydrogen or a methyl or a methoxy group.

5 . According to another preferred embodiment of the present invention, the functional group
" of the at least bifunctional compound has the structure R-NH-R"- where R" preferably
comprises the structure umit -NH- and/or the structure unit -(C=G)- where G is O or S,
and/or the structure unit -SO,-. According to more preferred embodiments, the functional
group R" is selected from the group consisting of _
O

H H ‘ .
o N ' N. G_"- il
Ho b R g —N-&—
N . - H 1l
AN 6 G o}
H H | | '
N_ _N_
and G

10 where, if G is present twice, it is independently O or S.

Therefore, the present invention also relates to a method and a conjugate as described ':
above, wherein the functional group of the at least biﬁmctioﬁal compound, said functional s
. group Being capable of being reacted with the optionally oxidized reducing.end of the o
15 polymer, is selected from the group consisting of :

HZN_ n - /O\ - /0\ ~~
: A N : R' NT
HNT M2 H
A‘ ,'l;l' - HZN\. !o|
HN : N—S—
2 : - . H
G - "0
HNTYT COHNTY>
G G

wherein G ié O or S and, if present twice, independently O or S, and R’ is methyl. ’

According to an even more preferred embodiment of the present invention, the functional
group of the at least bifunctional componnd, said functional group being capable of being
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reacted with the optionally oxidized reducing end of the polymer and comprising an amino
group, is an aminooxy groups

o o
HNT - R \H/

H;N-O- being particularly preferred, or the hydrazido group
H _
HZN/N\n/
G
wherein G is preferably O.

Therefore, the present invention also relates to a method and a conjugate as described
above, wherein the functional group Z of the protein is an aldehyde group or a keto group,

- and the functional group of the at least bifunctional compound, said functional group being

capable of being reacted with the optionally oxidized reducing end of the polymer, is an
aminooxy group or a hydrazido group, preferably an aminooxy group. _

Thus, the present invention also relates t0 a conjugate, as described above, wherein the
functional group Z of the protein is an aldehyde group or a keto group, and the fumctional
group of the at least bifunctional compound, said functional group being capable of being
réacted with the optionally oxidized reducing end of the polymer, is an aminooxy group or

. a hydrazido group, preferably an aminooxy group.

According to a still further preferred embodiment of the present invention, the at least
bifunctional cdmpound is reacted with the polymer at its non-oxidized reducing end.

According to yet another preferred embodiment of the present invention, the at ]_east

bifunctional compound which is reacted with the optionally oxidized reducing end of the
polymer, comprisés functional group A. .

| The at least bifunctional compound may be reacted with the polymer first to give a

polymer derivative which is subsequently reacted with the protein via functional group A.
It is also possible to react the at least bifunctional compound via functional group A with
the protein first to give a protein derivative which is subsequently reacted with the polymer
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via at least one functional group of the at least bifunctional compound residue comprised in

the protein derivative. .

According to a preferred efnbodiment of the bresent invention, the at least bifunctional
compound is reacted with the polymer first.

Therefore, the present invention relates to a method and a conjugate as described above,
said method further comprising reacting the polymer at its non-oxidized reducing end with
an at least bifunctional linking compound comprising a functional group capable of
reactmg with the non-oxidized reducing end of the polymer and a group A, prior to the
reaction of the polymer derivative comprising A and the protem comprising Z.

The fu'né:tionaI group of thg: at least bifunctional linking compound which is reacted with

the polymer. and the functional group A of the at least bifunctional linking compound -

which is reacted with functional group Z of the protein may be separated by any suitable
spacer. Among others, the spacer may be an optionally substituted, linear, branched and/or
cyclic hydrocarbon residue. Generally, the hydrocarbon residue has up to 60, preferably up
to 40, more preferably up to 20, more preferably up to 10, more preferably up to 6 and
&'specially preferably up to 4 cafbon atoms. If heteroatoms are present, the separating group
compnscs generally from 1 to 20, preferably from 1 to 8, more preferably 1 to 6, more
preferably 1to 4and mpccxally preferably from 1 to 2 heteroatoms. As heteroatom, O is
preferred. The hydrocarbon residue may comprise an optionally branched alkyl chain or an
aryl group or a cycloalkyl group having, e.g., from 5 to 7 carbon atoms, -or be an aralkyl
group, an alkaryl group where the alkyl part may be a linear and/or cyclic alkyl group.
According to an even more i)mfened embodiment of the present invention, the funcﬁonal
groups are 'sep'arated by a linear hydrocarbon chain having 4 carbon atoms. According to
another preferred embodiment of the present ihvention, the functional groups are separated
by a linear hydrocarbon chain having 4 carbon atoms and at least ome, preferably cne .
heteroatom, particularly preferably an oi:ygen atom.

According to a further preferred embodiment, the at least bifunctional linking compvound is

" a homobifunctional linking compound. Therefore, the present invention also relates to a

method of producing a conjugate as described above, wherein the -at least bifunctional
linking compound is a homobifunctional compound. -



10

15

20

25

-28-

Thus, with regard to the above mentioned preferred functional groups of the linking
compound, said homobifunctional iinking compound preferably comprises either two
aminooxy groups H;N-O- or two aminooxy groups R'-O-NH- or two hydrazido groups
H;N-NH~(C=G)-, the aminooxy groups H;N-O- and the hydrazido groups H,N-NH-
(C=0)- being preferred, and the aminooxy groups H,N-O- being especially preferred.

'Among all conceivable homobifunctional compounds coniprising two hydrazido groups

H,N-NH~(C=0)-, hydrazides are preferred where the two hydrazido groups are separated
by a hydrocarbon residue having up to 6A0, preferably up to 40, more preferably up to 20,
more preferably up to 10, more preferai:ly up to 6 and espécially preferably up to 4 carbon
atoms. More preferably, the hydrocarbon residue has 1 to 4 carbon atoms such as 1,2,3,0r
4 carbon atoms. Most preferably, the hydrocarbon residue has 4 carbon atoms. Therefore, a

homobifunctional compound according to formula

is preferred.

According to an even more preferred embodiment of the present invention, the bifunctional
linking compound is carbohydrazide

HzN\N )j\N,N H,

H H

As descri'bed above, the present invention also relatés to a method and a conjugate as .
described above, wherein the at least bifunctional linking compound is a homobifunctional
compound and compri'ses two aminooxy groubs. Hence, the present invention also relates .
to a method and a conjugate as described. abbve, wherein_the at least bifunctional linking

compound is a homobifunctional compound and comprisés two aminooxy groups H;N-O-.

As described above, the polymer is preferably reacted at its reducing end which is not
oxidized prior to the reaction with the bifunctional linking compound. Therefore, reacting
the preferred homobifunctional compound coxhprising two aminooxy groups HaN-O- with -
the polymer results in a polymer derivative comprising an oxime linkage.
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Therefore, since functional group Z of the protein is an aldehyde or a keto group which is '

" preferably reacted with an aminooxy group of the polymer derivative, the present invention

dlso relates to a conjugate as described above, said conjugate éomprising the polymer and
the protein, each being covalently linked to a linking compbund by an oxime or a cyclic
aminal linkage, '

Among all conceivable homobifunctional compounds coinprising two aminooxy groups
H,N-O-, bifunctional compounds are preferred where the two aminooxy groups are

_separated by a hydrocarbon residue having from 1 to 60, preferably from 1 to 40, more.

preferably from 1 to 20, more preferably from 1 to 10, more preferably from 1 to 6 and

especially preferably 1 to 4 carbon atoms. More preferably, the hydrocarbon residue has 1

to 4 carbon atoms such as 1, 2, 3, or 4 carbon atoms. Most preferably, the hydrocarbon
residue has 4 carbon atoms. Even more preferably, the hydrocarbon residue has at least one

heteroatom, more preferably one heteroatom, and most preferably one oxygen atom. The

‘compound 0—[2-(2-aminooxy-ethoxy)—ethyl]hydroxyl amine according to formula

/O o\
‘ HZN \/\0/\/ NH2 .

is especially prefeM

Therefore, the present invention relates to a conjugate as described above, said conjugate

having a constitution according to formula

VProtein

and/or
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HAS' preferably being HES' Partlcularly preferred hydroxyethyl starches are, e.g.,
hydroxethyl starches havmg a mean molecular weight of about 10 kD and a DS of about

. 0.4 or hydroxethyl starch havmg a mean molecular weight of about 10 kD and a DS of
" about 0.7 or hydroxcthyl starch havmg a mean molecular weight of about 12 kD and a DS

of about 0.4 or hydroxethyl starch having a mean molecular weight of about 12kD and a
DS of about 0.7 or hydroxethyl starch having a mean molecular weight of about 18 kD and -

~ a DS of about 0.4 or hydroxethyl starch having a mean molecalar weight of about 18 kD
~ and a DS of about 0.7 or hydroxethyl starch having a mean molecular weight of about 50

kD and a DS of about 0.4 or hydroxethyl starch having a mean molecular weight of about .
50 kD and a DS of about 0.7. '

-The reactioﬁ of the polymer at its non-oxidized reducing end with the linking compound,

especially in the case said linking compound is a homobifunctional linking compound
comprising two aminooxy groups HoN-O-, is preferably carried out in an aqueous system.

The term "aqueous system” as used in the context of the present invention refers to a
solvent or a mixture of solvents comprising water in the range of from at least 10 % per

weight, prefefabl_y at least 50 % per weight, more preferably at least 80 % per weight, even

" more preferably at least 90 % per weight or up to 100 % per weight, based on the weight of

the solvents involved. The preferred reaction medium is water,

According to anothef embodiment, at least one other solvent may be used in which HAS,
preferably HES is soluble. Examples of these solvents are, e.g., DMF, dimetliylacetamide

or DMSO.
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As far as the temperatures which are applied during the reaction are concerned, no specific
limitations exist given that the reaction results in the desired polymer derivative.

In case the polymer is reacted with the homobiﬁmctional linking compound comprising |
two aminooxy groups H,N-O-, preferably O-[2-(2-aminooxy-ethoxy)-ethylJhydroxyl
amine, the temperature is preferably in the range of from 0 to 45 °C, more preferably in the
range of from 4 to 30 °C and especially preferably in the range of from 15 to 25 °C.

The reaction time for the reaction of the polymer with the homobifunctional linking
compound comprising two ‘aminooxy groups H,N-O-, preferably O-[2-(2-aminooxy-
ethoxy)-ethyl]hydroxyl amine, may be adapted to the specific needs and is generally in the
range of from 1 h to.7 d, preferably in the range of from 1 h to 3 d and more preférably of
fom2hto 48h. o |

The pH value for the reaction of the polymer with the homobifunctional linking compound
comprising two aminooxy groups H,N-O-, preferably O-[2-(2-aminooxy-ethoxy)-
ethyl]hydroxyl amine, may be adapted to the specific needs such as the chemical nature of
the reactants. The pH value is preferably in the range of from 4.5 to 9.5, more preferably in
the range of from 4.5 to 6.5.

Specific examples of above mentioned reaction conditions are, e;g., a reaction temperature

of about 25 °C and a pH of about 5.5.

The suitable pH value of the reaction mixture may be adjusted by adding at least one
suitable buffer. Among the preferfed buffers, sodium. acetate buffer, phosphate or borate

_ buffers may be mentioned. -

Once the polymer derivative comprising the polymer and the bifunctional | linking
compound linked thereto is formed, it may be isolated from the reaction mixture by at least

- one suitable method. If necessary, the polymer derivative may be precipitated prior to the

isolation by at least one suitable method.

If the polymer derivative is precipitated first, it is possible, e.g., to contact the reaction .

" mixture with at least one solvent or solvent mixture other than the solvent or solvent

N
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mixture present in the reaction mixture at suitable temperatures. Accordmg to a

particularly preferred embodiment of the present invention where an aqueous medium,

preferably water is used as solvent, the reaction mixture is contacted with 2-propanol, at a

' temperature, preferably in the range of from -20 to +50 °C and especially preferably in the
.range of from -20 to 25 °C.

~ Isolation of the polymer denvatlve may be carried out by a suitable process which may

‘comprise one or more steps. According to a preferred embodiment of the present invention,
the polymer derivative is first separated off the reaction mixture or the mixture of the
reaction mixture with, e.g., aqueous 2-propanol mixture, by a suitable method such as
centrifugation or ﬁin'aﬁon In a second step, the separated polymer derivative may be
subjected to a further treatment such as an after-treatment like dmlysxs, centrifugal -

Afiltration or pressure ﬁ]tratlon, ion exchange chromatography, reversed phase

chromatography, HPLC, MPLC, gel ﬁltratlon and/or lyopthsauon. According to an even
more preferred embodiment, the separated polymer derivative is first dialysed, preferably
against water, and then lyophilized until the solvent content of the reaction product is
sufficiently low according to the desired specifications of the product Lyophilisation may
be carried out at temperature of from 20 to 35 °C, preferably of from 20 to 30°°C.

The thus isolated polymer derivative is then further reacted, via functional group A, with
the functional group Z of the protein, Z being an aldehyde group or a keto: group. In the
especlally preferred case that A is an aminooxy group HzN-O- to give an oxime linkage
between polymer derivative and protein, the reaction is preferably carried out in an .
aqueous medium, preferably water, at a preferred temperature in the range of from 0 to 40
°C, more preferably from 4 to 25 °C and especially preferably from 15 to 25 °C. The pH -
value of the reaction medium is preferably in the range of from 4 to 10, more preferably in
the range of from 5 to 9 and especia.ll){ preferably in the range of from 5 to 7 . The reaction
time is preferably in the range of from 1 to 72 h, more preferably in the range of from 1 to
48‘h and especially preferably in the range of from 4 to 24 h.

The conjugate may be subjected to a further treatment such as an after-treatment like
dialysis, centrifugal filtration or pressure filtration, ion exchange chromatography, reversed
phase chromatography, HPLC, MPLC, gel filtration and/or lyophilisation.
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According to another embodiment of the present invention, the functional group Z of the

protein is an amino group. Therefore, the present invention relates to a method and a

- conjugate as described above, wherein the functional group Z of the protein is an amino

group.

According to a further preferred embodiment of the present invention, the functional group

A to be reacted with the functional group Z being an amino group is a reactive carboxy
group. Therefore, the pr&sent invention also relates to a method and a conjugate as -
described above, wherein the fun_ctibna.l group Z.is an amino group and the functional
group A of the polymer or the polymer derivative is a reactive carboxy group.

According to a first preferred embodiment of the present mvennon, the reactive carboxy
group is introduced into the polymer by selectively oxidizing the polymer at its reducing

. end.

Therefore, the polymer into which the reactive carboxy group is introduced preferably has .
the constitution according to formula (I1a)

T2)

(i)

The oxidation of the reducing end of the polymer according to formula @O
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preferably hydroxyethyl starch, may be carried out according to each method or
combination of methods which result in compounds having the above-mentioned structures

(I1a) and/or (Ib).

Although the oxidation may be carried out according to all suitable method or methods
resulting in the oxidized i’edu'cing end of hydroxyalkyl starch, it is preferably carried out
using an alkaline jodine solution as described, e.g., in DE 196 28 705 Al the respective
contents of which (example A, column 9, lines 6 to 24) is incorporated herein by reference.

Introducing the reactive carboxy group into the polymer which is selectively oxxdlzed atits
reducing end may carned out by all conceivable methods. ‘

The oxidized polymer may be employed as such or as salt, such as alkali metal salt,
preferably as sodium and/or Ppotassium salt.

According to a preferred method of the present invention, the polymer which is selectively
oxidized at its reducing end is -reacted at the oxidized reducing end with at least one
alcohol, preferably with at least one acidic alcohol. Still further preferred are acidic
alcohols having a pKA value in the range of from 6 to 12, more preferably of from 7 to 11

l at 25 °C. The molecular weight of the acidic alcohol is preferably in the range of from 80

to 500 g/mole, more preferably of from 90 to 300 g/mole and especially preferably of from
100 to 200 g/mole -

Suitable acidic alcohols are all alcohols H-O-R, having an acidic proton and are capable of
being reacted with the oxxdlzed polymer to give the respective reactive polymer ester,
preferably according to the formula
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Preferred alcohols are N-hydroxy succinimides such as N—hydroxy succinimide or Sulfo-
N-hydroxy succinimide, suitably substituted phenols - such as p-nitrophenol, o,p-
dinitrophenol, 0,0'-dinitrophenol, trichlorophenol such as 2,4 6—tnchlorophenol or 24, 5-
mchlorophenol trifluorophenol such as 2 -4, 6—tnﬂuorophenol or 2,4,5-trifluorophenol,

pentachlorophenol, pentaﬂuorophenol or hydroxyazoles such as hydroxy benzotriazole.

Especially preferred are N-hydroxy succinimides, w1th N-hydroxy succinimide and Suifo-
N-hydroxy succinimide being especially preferred. All alcohols may be employed alone or
as suitable combination of two or more thereof, In the context of the present invention, it is
also possible to employ a compound which releases the respective alcohol, e.g. by adding

diesters of carbonic acid..

Therefore, the present invention also relates to a method and a conjugate as described
above, wherem the polymer which is selectwely oxidised at its reducing end is activated by
reacting the oxidised polymer with an acidic alcohol, preferably with N-hydroxy
succinimide and/or Sulfo-N-hydroxy succinimide.

~ According to a still further preferred embodiment of the present invention, the polymer

which is selectively oxidized at its reducing end is reacted at the oxidized reducing end
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with at least one carbonic diester Rp-0-(C=0)-0-R¢, wherein Rg and R¢ may be the same
or different. Preferably, this method gives reactive polymers according to the formula

wherein HAS' is preferably HES'.

As sultable carbonic diester compounds, compounds may be employed whose alcohol
components are mdependently N-hydroxy succinimides such as N-hydroxy succinimde or
Sulfo-N-hydroxy succinimide, suitably substituted phenols such as p-nitrophenol, o,p-
dinitrophenol, o,0"-dinitrophenol, trichlorophenol such as 2,4,6-trichlorophenol or 2.4,5-
trichlorophenol, trifluorophenol such as 2,4,64triﬂuomphenol or 2,4,5-trifluorophenol,
pentachlorophenol, pentaﬂrrorophenol or hydroxyazoles such as hydroxy benzotriazole.
Especially preferred are NN’—dlsuccrmmrdyl carbonate and Sulfo-N,N'—dlsucclmmrdyl
carbonate, with N,N'-disuccinimidy] carbonate being especially preferred

‘Therefore, the present invention also relates to a method and a conjugate as described

above, wherein tho polymer which is selecriyely oxidised at its reducing end is activated by
reacting the oxidised polymer with N,N'~disuccinimidyl carbonate. '

The acidic alcohol is reacted with the oxidized polymer or the salt of the oxidized polymer
at a molar ratio of acldrc a]cohol polymer preferab]y of from 5:1 to 50:1, more preferably
of from 8:1 to 20: 1 ata preferred reaction temperature of from 2 to 40 °C, more preferably
of from 10 to 30 °C and especrally preferably .of from 15 to 25 °C. The reaction time is
preferably in the range of from 1 to 10 h, more preferably of from 2 to 5 h, more preferably
of from 2 to 4 h and particularly of from 2to 3 b,

The carbonic diester compound is reacted with the oxidized polymer or the salt of the
oxidized polymer at a molar ratio of diester compound : polymer preferably of from 1:1 to
3:1, more preferably of from 1:1 to 1.5:1. The reaction time is preferably in the range of
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from 0.1 to 12 h, more preferably of ﬁ'om 0.2 to 6 h, more preferably of from 0.5 to 2 hand
particularly of from 0.75 to 1.25 h.

According to a preferred embodiment of the present invention, reacting the oxidized
polymer with acidic alcohol and/or carbonic diester is carried out in at least one aprotic
solvent, particularly preferably in an ahhydrous aprotic solvent having a water content of
not more than 0.5 percent by weight, preferably of not more than 0.1 percent by weight.
Suitable solvents are, among others, dimethyl sulfoxide (DMSO), N-methyl pyrrolidone,
dimethyl acetamide (DMA), dimethyl formamide (DMF) and mixtures of two or more
thereof. The reaction temperatures are preferably in the range of ﬁ'om 2 to 40 °C, more
preferably of from 10 to 30 °C.

. For reacting the oxxdmed polymer with the at least one acidic alcohol at least one

15

20
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addmonal activating agent is employed.

Suitable activating agents are, among others, carbonyldiimidazole, carbodiimides such as -
diisopropyl carbodiimde (DIC), dicyclohexyl carbodiimides (DCC), 1-ethyl-3-(3-'

: &imethylaminopmpyl) carbodiimide (EDC), with dicyclohexyl carbodiimides (DCC) and -

1-ethyl—3-(3—diinethylaminopropyl) carbodiimide (EDC) being especially preferred.

Therefore, the bresent invention also relates to a method and a conjugate as described -

above, where the polymer which is oxidized at its reducing end, is reacted with an acidic '
- alcobol in the presence of an additional activating agent to give the reactive polymer ester.

According to an especially préférred embodiment of the present invention, the reaction of

the oxidized polymer with carbomc diester and/or acidic alcohol is camed out at a.low
base achwty which may be determmed by addmg the reaction mixture to water with a
volume ratio of water to reaction mixture of 10:1. Prior to the addition, the water which
compris'es essentially no buffer, has a pH value of 7 at 25 °C. After the addition of the
reaction mixture and by measuring the pH value, the base activity of the reaction mixture is
obtained, having a value of preferably not more than 9.0, more preferably of nor more than
8.0 and especxally preferably of not more than 7.5. '
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According to preferred embodiment of the present invention, the oxidized polymer is
reacted with N-hydroxy succinimide in dry DMA in the absence of water with EDC to

selectively give the polymer N-hydroxy succinimide ester according to the formula

more preferably with HAS' being HES'.

- Surprisingly, this reaction does not give by~pfoducts resulting from reactions of EDC with

OH groups of HES, and the rearrangement reaction of the O-acyl isourea formed by EDC
and the oxidized polymer to the respective N-acyl urea is surprisingly suppressed.

According to another preferred embodiment of the pre;ient invention, the oxidized polymer

is reacted with N,N'-disuccinimidyl carbonate in anhydrous DMF and in the absence of an
activating agent to selectively give the polymer N-hydroxy succinimide ester according to
the formula . ' ’

more preferably with HAS' being HES'.

The reactive polymer as described above is preferentially further reacted with at least one
amino group of the protein to give an amide linkage. According to a preferred embodiment
of the present invention, the reactive polymer is reacted with one amino group of the

protein. .
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Therefore, the present relates to a conjugate preferably having a constitution according to
the formula '

» ‘wherein the N atom of the annde linkage is derived from an amino group of the protein,

more preferably w1th 'HAS' being HES', the hydroxyethyl starch preferably being
hydroxethyl starch having a mean molecular weight of about 10 kD and a DS of about 0.4

. or hydroxethy! starch having a mean molecular weight of about 10 kD and a DS of about

0.7 or hydroxethyl sfarch having a mean molecular weight of about 12 kD and a DS of
about 0.4 or hydroxethy! starch baving a mean molecular weight of about 12 kD and a DS
of about 0.7 or hydroxethyl starch having a mean molecular we:ght of about 18 kD and a
DS of about 0.4 or hydroxethyl starch having a mean molecular welght of about 18 kD and
a DS of about 0.7 or hydroxethyl starch havmg a mean molecular weight of about 50 kD
and a DS of about 0.4 or hydroxethyl starch having a mean molecular weight of about 50
kD and a DS of about 0.7. '

’I'he react:on of the reactnve polymer w1th the protem may be carried out by combmmg the
reaction nuxture of the preparation of the reactive polymer, i. e.- without isolation of the
reactive polymer, compnsmg at least 10, more preferably at least 30 and still more
preferably at least 50 percent by weight reactive polymer, with an aqueous solution of the
prdtein. Preferred aqueous solutions of the protein comprises of from 0.05 to 10, more
preferably of from 0.5 to 5 and especially preferably of from 0.5 to 2 percent by weight
protein at a preferred pH of from 5.0 to 9.0 , more preferably of from 6.0 to 9.0 and

' especially preferably of from 7.5 to 8.5.

According to the present invention, it is also possible to purify the reactive polymer by at
least one, preferably mult1ple precipitation with at least one suitable precipitation agent
such as anhydrous ethanol, isopropanol and/or acetone to give a solid comprising at least
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10, more preferably at least 30 and still more preferably at least 50 percent by weight
reactive polymer.

The purified reactive polymer may be added to the aqueous solution of the protein. It is
also possible to add a solution of the purified reactive polymer to the aqueous solution of
the protein.

According to a pneferfed embodiment of the present inventi'on, the reaction of the reactive
polymer with the protein to give an amide linkage is carried out at a temperature of from 2
to 40 °C, more preferably of from 5 to 35 °C and especially of from 10'to 30 °C and a
preferred pH of from 7.0 to 9.0, preferably of from 7.5 to 9.0 and especially pmférébly of
from 7.5 t0 8.5, ata preferred reaction time of ﬁdm 0.1 to, 12 h, more préferably of from

0,5 to 5 h, more preferably of from 0,5 to 3 h, still more preferably of from 0,5 to 72 h and

especially preferably of from 0,5 to 1 h, the molar ratio of reactive polymer ester : protein
being preferably of from 1:1 to 70:1, more preferably of from 5:1 to 50:1 and especially

preferably of from 10:1 to 50:1.

According to ‘another embodiment of the present invention, the polymer which is

A selectively oxidized at its reducing end is reacted at the oxidized reducing end with an

azolide such as carbonyldiimidazole or carbonyl dibenzimidazole to give a polymer having
a reactive carboxy group. In the case of carbonyldiimidazole, ‘a reactive polymer derivative

according to formula

results, wherein HAS' is preferably HES'. The imidazolide resulting from the reaction of
the polymer with the azolide may be preferentially reacted with an amino gi'oup of the
protein to give an amide linkage. Also possible is a reaction, if present, with a hydroxy
group of the protein to give an ester linkége, or with a thio group of the protein to give a
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. thioester linkage, or, if present, w1th a carboxy group of the protein to nge a -(C=O)-O- :

(C=0)- linkage.

According to another embodiment of the present invention, the polymer having a reactive
carboxy group A resulting from the reaction of the selectively oxidized reducing end of the
polymer with one of the above-mentioned compounds, preferably with at least one of the
acidic alcohols and/or at least one of the carbonic diester compounds, may be linked to the -
functional group Z of the protein via at least one linker compound. In case a linker
compound is used, said compound is an at least bifunctional compound baving at least one
functional group F) capable of being reacted with the functional group A of the polymer
derivative, and at least one functional group F; being capable of being reacted with the
functional group Z of the protein or a functional group F» being capable of being
chelmcally modified to be reacted with the functional group Z of the protein. The chemical

: modlﬁcatxon may be, e.g., a reactxon of the functional group F; with a functional group F3

of a further linker compound or an oxidation or a reduction of a suitable functional group

. Fa. In case at least one linker compound is used, the reaction is not restricted to the amino

group of the protein but, depending on the chemical nature of the functional groups of the
linker compound or linker compounds, me.ly be used to form a linkage with each suitable
functional group of the protein, such as a carboxy group, a reactive carboxy group, an
aldehyde group, a keto group, a thio group, an amino group or a hydroxy group. In case
two linker compounds are used, a first linker compound is employed having at least one
funcuonal group F) being capable of being reacted vnth the reactive carboxy group A of
the polymer, such as an amino ‘group, a thio group, a hydroxy group, or a carboxy group.

| Moreover, the first linker compound has at least one other functional group F, which is -

capable of being reacted with at least one finctional group F; of the second hnker A
compound. As to functional group F,, the followmg funcnonal groups are to be mentloned,

- among others:
- _C-C-double bonds or C-C-tnple bonds or aromatic C-C-bonds

- the thio group or the hydroxy groups;

- alkyl sulfonic acid hydrazide, aryl sulfonic acid hydrazide; .
- 1,2-dioles;

- 1,2-aminoalcohols;

- 1,2 amino-thioalcohols;

- azides;
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the amino groﬁp -NH; or derivatives of the amino groups comprising the structure
unit -NH- such as aniinoalkyl groups, aminoaryl group, aminoaralkyl groups, or
alkarlyaminogroups;

the hydroxylamino group -O-NH,, or derivatives of the hydroxylamino group
comprising the structure unit -O-NH-, such as hydroxylalkylamino groups,
hydroxylarylamino groups, hydroxylaralkylamino groups, or hydroxalalkarylamino
groups;

. alkoxyamino groups, aryloxyamino groups, aralkyloxyamino groups, or

alkaryloxyamino groilps, each comprising the structure unit -NH-O-;

residues having a carbonyl group, -Q-C(=G)-M, wherein G is O or S, and M is, for
example

—~ -OHor -SH

-~ an alkoxy group, ‘an aryloxy group, an axalkyloxy group, or an alkaryloxy,

group;

. -- an alkyhhxo group, an arylthio group, an aralkylthio group, or an alkarylthio

group;
— an alkylcarbonyloxy group, an arylcarbonyloxy group, an aralkylcarbonyloxy
group, an alkarylcarbonyloxy group,
-~ activated esters such as esters of hydroxylamines having imid structure such as
N—hydroxychcixiimide or having a structure unit O-N where N is part of a
>hete-roaryl compound or, with G= O and Q absent, such as aryloxy compounds
with a substituted aryl residue such as pentaﬂuorophenyl, paranitrophenyl or
trichlorophenyl; s
wherein Q is absent or NH or a heteroatom such as SorQ;
-NH-NH;, or -NH-NH-;
-NOz;
the nitril group; .
carbonyl groups such as the aldehyde group or the keto group;
the carboxy group;
" the -N=C=0 group or the -N=C=S group;
vinyl halide groups such as the vinyl iodide or the vinyl bromide group or triflate;
-C=C-H;
-(C=NH,C})-OAlkyl :
groups ~(C=0)-CHa-Hal whercin Hal is Cl, Br, or I;
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- -CH=CH-S0:-;
- a disulfide group comprising the structure -S-S-;
@)
—N I
-~ the group o ;

O
- thegwup‘ ON NO, |

wherein F; is a group capable of forming a chenucal hnkage with one of the above-
mentioned groups and is preferably selected from the above-mentioned groups. Moreover,
the second linker oompound has at least one functional group which is capable of being
reacted thh the functional group Z of the protein, which is, e.g., an amino group, a thio
group, a carboxy grorrp, a reactive carboxy group, an aldehyde group, a keto group, or a
hydroxy group. In case one linking compound is used to covalently link the polymer and
the protein, the polymer can be reacted with the linking compound and the resulting
polymer derivative is reacted with the protein, or the’ protein can be reacted with the
linking compound and the resulting protein derivative is reacted with the polymer. In case

* two linking compounds L1 and L2 are used, it is possible to react the polymer with Ll,

react the resulting polymer derivative with L2 and react the resulting polymer derivative
with the protein, or to react the protein with L2, react the resulting protein derivative with
L1 and react the resulﬁng protein derivative with the polymer. It is also possible to react
the polymer with L1 and react the protein with L2 and react the polymer derivative with

" the protein derivative. Furthermore, itis possible to react L1 with 1.2, react the resulting

compound with the polymer and the resulting polymer derivative with the protein.
Furthermore, it is possible to react L1 with L2, react the resulting compound with the
protein and the resulting protein derivative with the polymer.

" According to a second preferred embodiment of the present invention regarding the

introduction of a reactive carboxy group into the polymer, the reactive carboxy group is
introduced into the polymer whose reducing end is not oxidized, by reacting at least one

hydroxy group of the polymer with a carbonic diester.



10

15

20

25

30

-44 -

Therefore, the present invention also relates to a method and a conjugate as described
above, wherein A is a reactive carboxy group, and wherein A is introduced in the polymer
whose reducing end is not oxidized, by reacting at least one hydroxy group of the polymer
with at least one carbonic diester carbonic diester Rg-O-(C=0)-O-Rc, wherein Rp and R¢ -

may be the same or different.

According to another embodiment of the present invention, the polymer whose reducing
end is not oxidized, is reacted at at least one hydroxy group with an azolide such as
carbonyldiimidazole, carbonyl-di-(l,2,4-ttiaiole) or carbonyl dibenzimidazol to give a

polymer having a reactive carboxy group.

As suitable carbonic diester compounds, compounds miiy be employed whose alcohol
coxhp'ongﬁts are inéependently N-hydréxy succinimides such as N-hydroxy succinimide or
Sulfo-N-hjdrbxy succinimide, suitably substituted phenols sﬁch as p-nitrophenol, o,p-
dinitrophenol, 0,0'-dinitrophenol, trichlorophenol such as 2,4,6-trichlorophenol or 2,4,5-
trichlorophenol, trifluorophenol such as 2.4,6-trifluorophenol or 2,4,5-trifluorophenol,
ﬁentachlomphenol, pentafluorophenol, or hydroxyazoles such as hydroxy benzotriazole.

Especially preferred are symmetrical carbonic diester compounds, Rg and Rc thus being -
- the same. The alcohol éompqnent of the carbonic diester is preferably selected from the "

group consisting of N-hydroxy 'suécinimide, sulfonated N-hydroxy succinimide, N-

_hydroxy benzotﬁazéle, and nitro- and halogen-substituted phenols. Among others,

nitrophenol, dinitrophenol, -trichlorophenol, triﬂﬁorophenol, pentachlorophenol, and
pentafluorophenol are f)referred. Especially preferred are N,N'-disuccinimidyl carbonate
and Sulfo-N,N'-disuccinimidyl carbonate, with N,N'-disuccinimidyl carbonate being

_especially preferred.

Therefore, the ‘prese"nt invention also relates to a hydroxyalky! starch derivative and a
method of producing same, preferably a hydroxyethyl starch derivative, wherein at least
one hydroxy group, prefeérably at least two hydroxy groups of said starch have been reacted

with a carbonic diester compound to give the respective reactive ester.

- According to a preferred embodiment of the preseht invention, the reaction of the polymer

whose reducing end is not oxidized, with the at least one carbonic diester compound is
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carried out at a temperature of from 2 to 40 °C, more preferably of from 10 to 30 °C and
especially of from 15 to 25 °C and at a preferred reaction time of from 0,5 to 5 h, more
preferably of from 1 to 3 h, and especially preferably of from 2 to 3 h.

The molar ratio of carbonic diester and/or azolide, preferably carbonic diester compound :
polymer depends on the degree of substitution of the polymer regarding the number of
hydroxy groups reacted with carbonic diester compouhd relative to the number of hydroxy
groups present in the non-reacted polymer. ‘

Accbrdiqg to one preferred embodiment of the present invention, the molar ratio of
carbonic diester.compound : anhydroglucose units are in the range of from 1:2 to 1:1000,
more preferably of from 1:3 to 1:100 and especially prefefaﬁly of from 1:10 to 1:50, to
give a degree of substitution ‘in the range of from 0,5 to 0,001, pr.eferabl-.y of from 0,33 to
0,01 and especially preferably of from 0,1 to 0,02. The degree of substitution is determined
via UV spectroscopy. '

According to a preferred embodiment of the present invention, reacting the polymer whose
reducing end is not oxidized, with carbonic diester is carried out in at least one aprotic
solvent, particularly preferably in an anhydrous aprotic solvent having a water content of
not more than 0.5 percent by weight, preferably of not more than 0.1 percent by weight.
Suitable sol\/‘ents are, among others, diméthyl sulfoxide (DMSO), N-methyl pyrrolidone,
dimethyl acetamide (DMA), dimethyl formamide (DMF) and mixtures of two or more

thereof.

Therefore, the present invention also relates to a method and a conjugate as described
above, wherein the reaction of the at least one hydroxy group of the polymer whose .
reducing end is not oiddised, with the carbonic diester to give a reactive ester group A is
carried out in an anh)-'drous aj)rotic polar solvent, the solvent preferably beihg dimethyl
'aoetamide,. dimethy! formamide or a mixture thereof. . '

The reaction of the reactive polymer comprising at least one reactive ester group,
preferably at least two reactive ester groups, with the protein to give at least one amide
linkage, preferably at least two amide linkages, may be carried out by combining the

reaction mixture of the preparation of the reactive polymer, i.e. without isolation of the
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reactive polymer, comprising at least 5, more preferabiy at least 10 and still more
preferabiy at least 15 percent by weight reactive polymer, with an aqueous solution of the
protein. Preforred aqueous solutions of the protein comprises of from 0,05 to 10, more
preferably of from 0,5 to S and especially preferably of from 0,5 to 2 percent by weight
protein at a preferred pH of from 7.0 to 9., mofe preferably of from 7.5 to 9 and especially
preferably of from 7.5t0 8.5 . ’

According to the present invention, it is also possible to purify the reactive polymer by at
least one, preferably by multiple precipitation with at least one suitable precipitation agent .
such as anhydrous ethanql, isopropano! and/or acetone to give a solid comprising atzleast,
20, more preferably at least 50 and still more preferably at least 80 percent by weight
reactive polymer. - ’ '

“The purified reactive polymer may be added to the agueous solution of the protein. It is
" also possible to add a solution of the purified reactive polymer to the aqueous solution of

the protein.

According to a preferred embodiment of the present invention, the reaction of the reactive
pdlymer with the protein to give at least one, preferably at least two amide linkages is
carried out at a temperature of from 2 to 40 °C, more preferably of from 5 to 35 °C and
especially of from 10 to 30 °C and a preferred pH of from 7.5 to 9.5, preferably of from 7.5
to 9 and especially preferably of from 7.5 to 8.5, ata prefénéd' reaction time of from 0,5 to
5 h, more preferably of from 0,5 to 3 h and especially prefgrably'of from 0,5 to 1 h, the

- molar ratio of reactive polymer. ester : protein being preferably of from 1:1 t0 70:1, more

preferably of from 5:1 to 50:1 and especially preferably of from 10:1 to 50:1.

According to a pxeferfed embodiment of the present Jinvention, oligo- or multiprotein-

substituted polymers are obtained wherein the protein molecules are linked to the polymer

'via an amide linkage.

The degree of substitution of the protein molecules (PDS) as used in the context of the
present invention refers to the portion of glucose moieties linked to a protein with respect

to all glucose moieties comprised in HAS, preferably HES.
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~ PDS is in the range of from 0.001 to 1, preferably from 0.005 to 0.5, more preferably from

0.005 t0 0.2.

Accordmg to another embodiment of the present invention, the polymer having a reactive
carboxy group A resulting from the reaction of at least one hydroxy group of the polymer
with one of the above-mentioned compounds, preferably with at least one of the carbonic
diester compounds, may be lmked to the functional group Z of the protein via at least one
linker compound. In case a hnker componnd is used, said compound is an at least
bifunctional compound having at least one functional group F) capable of being reacted
with the functional gmuﬁ A of the polymer derivative, and at least one functional group F»
being capable of being reacted with the functional group Z of the protein or a functional
group Fz being capable of being chemlcally modified to be reacted with the functional
group Z of the protein. The chemical modification may be, e.g., a reaction of the functional
group F> with a functional group F; of a further linker compound or'an oxidation or a
reduction of a suitable functional group F>. In case at least one linker compound is used,
the reaction is not restricted to the é.miho g'roup of the protein but, depending on the
chemical nature of the functional groups of the linker compound or linker compounds may
be used to form a hnkage with each suitable functional group of the protem, such as a

' carboxy group, a reactive carboxy group, an aldehyde group, a keto group, a thio group, an

amino group or a hydroxy group. In case two linker compounds are used, a first linker .
compound is employed having at least one functional group F) being capable of being
reacted with the reactive carboxy group A of the polymer, such as an ammo group, a thio

_group, a hydroxy group, or a carboxy group. Moreover the first linker compound has at

least one other functional group F» which is capable of being reacted with at least one
functional group F3 of the second linker compound. As to functional group Fa, the
following functional groups are to be mentioned, among others: ‘

- C-C-double bonds or C-C-triple bonds or aromatic C-C-bonds;

- the thio group or the hydroxy groups; ' -

- alkyl sulfonic acnd hydrazxde aryl sulfomc acid hydrazide;

- 1,2-dnol¢s

- 1,2-aminoealcohols; .
- 1,2 amino-thioalcohols;
- azides;
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the amino group -NH; or derivatives of the amino groups corlnprising the structure
unit -NH- such as aminoalkyl groups, aminoaryl group, aminoaralkyl groups, or
alkarlyanunogroups,

the hydroxylammo group -O—NHz, or derivatives of the hydroxylamino group
comprising the structure unit -O-NH-, such as hydroxylalkylamino groups,
hydroxylarylamino groups, hydroxylaralkylamino groups, or hydroxalalkarylamino -
groups;

alkoxyamino groups, aryloxyamino groups, aralkyloxyamino groups, or
alkaryloxyamino groups, each comprising the structure unit :NH-O-;

residues having a carbonyl group, -Q-C(—G)—M wherein G is O or S, and M is, for

example,

+ -OH or-SH " . - - ,
"~ an alkoxy group, an aryloxy group, an aralkyloxy group, or an alkaryloxy -

group;
-~ an alkylthio group, an arylthlo group, an aralkyltlno group, or an alkarylthio
group; .
—  an alkylcarbonyloxy group, an arylcarbonyloxy group, an aralkylcarbonyloxy
~ group, an alkarylcarbonyloxy group; :

—  activated esters such as esters of h_ydroxylainin&s having imid structure such as

N-hydroxysuccinimide or having a structure unit O-N where N is part of a
heteroaryl compound or, with G = O and Q absent, such as z;ryloxy compounds
with a substituted aryl resuiue such as pentaﬂuorophenyl paramtrophenyl or-
tnchlorophenyl Rk
wherem Q is absent or NH or a heteroatom such as S or (03
-NH-NH;, or -NH-NH-; '
- -NOy; o
the nitril group; -
‘carbonyl groups such as the aldehyde group or the keto group;
the carboxy group;
the -N=C=0 group or the -N=C=S group;
vmyl halide groups such as the vinyl iodide or the vmyl bromide group or trxﬂate, :
-C=C-H; -
-(C=NH,CI)-OAlkyl
groups C=0)-CH,-Hal wherein Hal is Cl, Br, or I;
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- -CH=CH-SO»-; ,
- a disulfide group comprising the structure -S-S-;
o .
—N '
- the group o. 5

oY
. thegop ON NO,

wherein F3 is a group capable of forming a chemical linkage with one of the above-
mentioned groups and is preferably selected from the above-mentioned groups. Moreover,
the second linker compound has at least one functional group which is capable of being
réacted with the functional group Z of the protein, which is, e.g., an amino group, a thio
group, a carboxy group, a reactive carboxy group, an aldehyde group, a keto group, or a
hydroxy group. In case one linking compound is used to covalently link the polymer and
the protein, the polymer can be reacted with the linking compound and the resulting
polymer derivative is reacted with the protein, or the protein can be reacted with the
linking compound and the resulting protein derivative is reacted thh the polymer. In case
two linking compounds L1 and L2 are used, it is possible to react the polymer with L1,
react the resulting polymer. derivative with L2 and react the resulting polymer derivative
with the protein, or to react the protein with L2, react the resulting protein derivative with
L1 and react the resulting protéin derivaﬁve with the polymer. It is also possible to react
the polymer with L1 and re'act. the protein with L2 and react the polymer derivative with
the protein derivative. Furthermore, it is possible to i'eact L1 with L2, react the resulting
compound with ‘the polymer and the resulting polymer derivative with the protein.
Furthermore, it is. possible to réact L1 with L2, react the resulting compound with the

" protéin and the reéultipg pxlotein derivative with the polymer.

_ According to an especially preferred embodiment of the present invention, the fuhctional

group Z of the protein is an amino group, and the functional group A of the polymer or
derivative thereof is a aldehyde group, a keto group or a hemiacetal group. According to a
particularly preferred embodiment, functional group Z and functional group A are reacted

via a reductive amination reaction.
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The reductive amination reaction according to the invention, wherein the polymer or
polymer derivative is covalently linked via at least one aldehyde group or keto group or
hemiacetal group to at least one amino group of the protein, is preferably carried out at a
temperature of from 0 to 40 °C, more preferably of from 0 to 25 °C and especially
preferably of from 4 to 21 °C. The reaction time preferably ranges of: from 0.5 to 72 h,
more preferably of from 2 to 48 h and especially preferably of from 4 to 7 h. As solvent for

the reaction, an aqueous medium is preferred.

Thus, the present invention also relates to a method and a conjugate as described above,

wherein the reductive amination is carried out at a temperature of from 4 to 21 °C.

Therefore, the present invention also relates to a method and a’conjugate as described

above, wherein reductive amination is carried out in an aqueous medium.

Thus, the present invention also relates to a method and conjugate- as described above,
wherein the reductive amination is carried out at a temperature of from 4 to 21.°C in an

aqueous medium.

The term "aqueous medium” as used in the context of the present invention relates to a

solw(ént or a mixture of solvents comprising water in the range of from at least 10 % per

. weight, more preferably at least 20 % per weight, more pfeferably at least 30 % per weight,

more preferably at least 40 % per weight, more preferably at least 50 % per weight, more
preferably at least 60 % per welght, more preferably at least 70 % _per weight, more
preferably at least 80 % per weight, even more preferably at least 90 % per weight or up to
100 % per weight, based on the weight of the solvents involved. The preferred reaction

medium is water.

The pH value of the reaction medium is generally in the range of from4to 9 or from4 to 8
or from 4 to 7.3.

According to a preferred embodiment of the present invention, the pH at which the
reductive amination reaction is carried out, is below 7.3, more preferably smaller or equal

~ 7 and most preferably below 7, i.e. in the acidic range. Preferred ranges are therefore of

from 3 to below 7, more preferably of from 3.5 to 6.5, still more preferably of from 4 to 6,




10

15

20

‘25

30

-51-

still more preferably of from 4.5 to 5.5 and especially preferéb.ly'about 50,ie.460r4.7 .
or 4.8 or 4.9 or 5.0. or 5.1 or 5.2 or 5.3 or 5.4. Preferred ranges, are among others, 3 to 6.9
orJto65or3to6or3to5.50r3t050r3t04.50r3todor3t03.50r3.5t06.90r3.5
to6.50r3.5t060r3.5t0550r3.5t050r3.5t04.50r3.5t04 0r4106.9 or4to 6.5 or 4
t06.0or4to5.50r4t050r4104.50r4.5t06.90r4.5106.50r4.5t0 6 0r4.5 to 5.50r45
toSor5t0690r5t06.50rSto6orStos.Sors.S to 6.90r55t06.50r55t060r6to
6.90r61t0 6.5 or 6.510 6.9. '

Therefore, the present invention also relates to a method and a conjugate as described

. above, wherein the reductive amination is carried out at a pH of 7 or less; more preferably

ata pH of 6 or less.

Thus, the present invention also relates to a method and conjugate as described above,
wherein the reductive amination is carried out at a temperature of from 4 to 21 °C at a pH

of 7 or lws, preferably of 6 or less.

Hence, the present invention also relates to a method and conjugate as descnbed above,

" wherein the reductive amination is carried out in an agqueous medium at a pH of 7 or less,

preferably of 6 or less.

Accordingly, the present invention also relates to a méthod and conjugate as described
above, wherein the reductive amination is carried out at a temperature of from 4 to 21 °Cin

an aqueous medium at a pH of 7 or less, prefexably of 6 or less.

: The molar ratio of polymer denvatlve protem used for the reaction is preferably in the

range of from 200:1 to-5:1, more preferably of from 100:1 to 10:1 and especially
preferably of from 75:1 10 20:1 . ’ :

It was surprisihgly found that it was possible, especially at- the preferred pH ranges given
above, particularly at a pH below 7 and greater or equal 4, to react the polymer derivative
predominantly with the amino group located at the N terminus of the proteiﬁ. The term
"predominantly” as used in the context of the present invention relates to an embodiment
where at least 80 %, preferably at least 85 % of the N-terminal amino groups available are
reacted via reductive amination. It is also possible'to react at least 90 % or at least 95 % or
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at least 96 % or at least 97 % or at least 98 % or at least 99 % of the N—terminél amino

_groups availab!e. Although coupling to amino groups other than the N-terminal amino

group could not be ruled out completely, it is believed that coupling via reductive
amination according to the present invention at a pH of below 7, preferably below 6, took

place essentially selectively at the N-terminal amino group.

Therefore, the present invention also relates to a method and a conjugate as described

above, wherein the protein comprises the N-terminal amino group and at least one further
amino group, said conjugate comprises the polymer being predominantly coupled to the N-

terminal amino group.

Ac'cordi.ng to an especially preferred embodiment, the present invention relates to a method -

of linking aldehyde or keto or hemiacetal functionalized hydroxyalkyl starch or an

aldehyde or keto or 'hemiacetal functionalized hydroxyz;lkyl starch derivative |
predominantly to the N-terminal amino group of a protein, said method comprising
subjecting said hydroxyalkyl starch or derivative thereof to a reductive amination reaction,
at d pH of 7 or less, preferably at a pH of 6 or lws, said reductlve amination reaction being

carried out preferably in an aqueous medium.

According to the pre.senf invention, aldehyde functionalized hydroxyalkyl.stémh or an

- aldehyde functionalized hydroxyalkyl starch derivative is preferred.

According ti) a still further preferred embodiment, the present invenﬁon relates to a method -
of linking aldehyde or keto or hemiacetal functionalized hydroxyethyl starch or an
aldehyde or keto or hemlacetal functionalized hydroxyethyl starch derivative sele,cti\'/ely to
the N-terminal amino gronp of a protein, said method comprising subjecting said
hydroxyalkyl starch or derivative thereof to a reductive amination reaction, at a pH of 7 or
less,'preferably at a pH of 6 or less, said reductive amination reaction being carried out
preferably in an aqueous medium, the hydroxyethyl starch employed preferably being
hydroxethyl starch having a mean molecular weight of about 10 kD and a DS of about 0.4
or hydroxethyl starch having a mean molecular weight of about 10 kD and a DS of about
0.7 or hydroxethy! starch having a mean molecular weight of about 12 kD and a DS of
about 0.4 or hydroxethyl starch having a mean molecular weight of about 12 kD and a DS
of about 0.7 or hydroxethyl starch having a mean molecular weight of about 18 kD and a '
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DS of about 0.4 or hydroxethyl starch having a mean molecular weight of about 18 kD and
a DS of about 0.7 or hydroxethy! starch having a mean molecular weight of about 50 kD
and a DS of about 0.4 or hydroxethyl starch having a mean molecular weight of about 50
kD and a DS of about 0.7. ‘

The reaction of the polymer derivative and the protein between the aldehyde group or keto
group or hemiacetal group and the amino group is a reductive amination wherein a Schiff's
base is produced. Subsequently after the reaction, this base may be reduced by at least one
reductive. agent to give a stable linkage between the polymer derivative and the protein. It
is also possible to carry oﬁt_ the reaction in the pfesence of at least onc reductive agent.
According to a preferred embodiment, the reductive amination reaction is carried out in the

. presence of at least one reductive agent.

P;eferred reductive agents are sodium borohydride, sodium cyanoborohydride, organic
borane c.ompkx compounds . such as a 4-(dimcthylamin)pyridine'bomne complex, N-
ethyldiisopropylamine 5orane complex, N-cthylmorpholine: borane complex,. N-
methylmorpholine borane complex, N-phenylmorpholine borane complex, lutidine borane
complex, uiethyiamine borane complex, or trimethylamine borane complex. Particularly

preferred is sodium cyanoborohydride.

) Therefore, the present invention also relates to a method and a conjugate'as described

above, whereiﬁ the reductive amination is carried out in the presence of NaCNBHi;.

Hence, the present invention also relates to a method and conjugate as described above,

_ wherein the reductive amination is carried out in an aqueous medium at a pH of 7 or less,

preferably of 6 or less in the presence of reductive agent, preferably NaCNBH;.

Accordingly, the present invention also relates to a method and conjugate as described
above, wherein the reductive amination is carried out at a temperature of from 4 to 21 °C in
an aqueous medium at a pH of 7 or less, preferably of 6 or less in the presence of reductive

agent, preferably NaCNBH;.
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The molar ratio of polymer derivative : protein used for the reaction is preferably in the
range of from 200:1 to 10:1 more preferably of from 100:1 to 10:1 and especiélly

. preferably of from 75:1 to 20:1 .

Therefore, the present invention also relates to a method of producing a conjugate, said
method comprising reacting a polymer or a polymer derivative comprising an aldehyde
group in an aqueous medium with an amino group of the protein in the presence of a

- reductive agent, said reductwe agent preferably being NaCNBH3.

Aecording to the first preferred embodiment of the present invention, according to which
the polymer comprises at least two aldehyde groups which are introdicing in the polymer
by a ring-opening ox1dat10n rwcnon, the polymer preferably compnses at least one
structure accordmg to formula '

Accordmg to this embodiment of- the present mventlon each oxidation agent or
combination of oxidation agents may be employed wlnch is capable of oxidizing at least
one saccharide ring of the polymer to give an opened saccharide ring havmg at least one,

preferably at least two aldehyde groups. This reaction is illustrated by the following

reaction scheme which shows a sacchande ring of the polymer which is oxidized to give an

- opened nng havmg two aldehyde groups:
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Suitable bxidating agents are, among others, periodates such as alkaline metal periodates or
mixtures of two or more thereof, with sodium penodate and potassium periodate bemg

- preferred.

Therefore the present invention also relates to a method and a con_lugate as described
above, wherein the polymer is subjected to a rmg-opemng ox1dat10n reaction using a

‘periodate to give a polymer derivative having at least one, preferably at least two aldehyde
. groups. '

For this oxidation reacﬁpn, the polymer may be employed with its reducing end either in
the oxidized or in the non-oxidized form, the non-oxidized form being preferred.

. .Therefore, the present invention also relates to a method and a cdnjugate as described

above, wherein the polymer is emplof(ed with its reducing end in the non-oxidized form.

.The reaction temperature is in a preferred range of from 0 to 40 °C, more preferably of

from 0 to 25 °C and especially preferably of from 0 to 5 °C. The reaction time is in a
preferred range of from 1 min to 5 h and especlally preferably of from 10 min to 4 h.
Depending on tﬁe desired degree of oxidiation, ie. the number of aldehyde groups
resulting from the oxidation reaction, the molar ratio of periodate : polymer may be

appropriately chosen.

Therefore, the present invention also relates to a method and a conjugate as described
above, wherem the nng-opemng oxidation reaction is carried out at a temperature of from
Oto5°C. '
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The oxidation reaction of the polymer with periodate is preferably carried out in an

aqueous medium, most preferably in water.

_ Therefore, the present invention also relates to a method and a conjugate as described’

above, wherein the ring-opening oxidation reaction is carried out in an aqueous medium.
The suitable pH value of the reaction mixture may be adjusted by adding at least one
suitable buffer. Among the preferred buffers, sodium acetate buffer, phosphate or borate

buffers may be mentioned.

The_hydroxyethyl starch Subjecte;l to said ring-oben_ing oxidation reaction is preferably
hydroxethyl starch having a mean molecular weight of about 10 kD and a DS of about 0.4
or hydroxethyl starch having a mean molecular weight of about 10 kD and a DS of about
0.7 or hydroxethyl starch having a mean molecular weight of about 12 kD a;nd a DS of

- about 0.4 or hydroxethyl starch having a mean molecular weight of about 12 kD and a DS

of about 0.7 or hydroxeihyl starch ha\}ing a mean molecular weight of about 18 kD and a
DS of about 0.4 or hydroxethyl starch having a mean molecular weight of about 18 kD and
a DS of about 0.7 or hydroxethyl starch having a mean molecular weight of about 50 kD
and a DS of about 0.4 or hydroxethyl starch having a mean molecular weight of about 50
kD and a DS of about 0.7.

The resulting polymer derivative may be purified from the reaction mixture by at least one
suitable method. If necessary, the polymer derivative may be precipitated prior to the
isolation by at least one suitable method.

If the polymer derivative is precipitated first, it is possible, e.g., to contact the reaction
mixture with at least oone solvent or solvent mixture other than the solvent or solvent
mixturé present in the reaction mixture at suitable temperatures. According to a

particularly preferred embodiment of the present invention where an aqueous medium,

. preferably water is used as solvent, the reaction mixture is contacted with 2-propanol or

with am mixture of acetone and ethanol, preferably a 1:1 mixture (v/v), indicating equal
volumes of said compounds, at a temperature, preferably in the range of from -20 to +50

°C and especially preferably in the range of from -20 to 25 °C.
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Isolation of the polymer derivative may be carried out by a suitable process which may

.comprise one or more steps. According to a preferred embodiment of the present invention,

the polymer derivative is first separated off the reaction mixture or the mixture of the
reaction mixture with, e.g., aqueous 2-propanol mixture, by a suitable method such as
centrifugation or filtration. In a second step, the separated polymer derivative may be
subJected to a further treatment such as an after-treatment hke dialysis, centrifugal
ﬁltrauon Or pressure ﬁltratmn, ion exchange chromatography, reversed phase
chromatogtaphy, HPLC, MPLC, gel filtration and/or lyophilisation. According to an even
more preferred embodiment, the separated polymer derivative is first dialysed, preferably
against water, and then yophilized until the solvent content of the reaction product is
suﬂicnently low according to the desired specifications of the product. Lyoplnhsatxon may
be carried out at temperature of from 20 to 35 °C, preferably of from 20 to 30 °C.

Accordiné to a preferred embodiment, the oxidized polymer resulting from the oxidation
reaction is purified usmg at least one suitable method such as ultrafiltration and/or dialysis
in order to, ¢.g., remove undesirable low molecular weight salts and polymer components
thereby also offering a means of controllmg the molecular weight range of oxidized

polymer

[

. The oxidized polymer can be used directly for the reaction with the protein or is suitably

recovered i in a first step, e.g. by lyophilization, and redissolved in water for conjugation to

© - .the protein in a second step. ‘As to the coupling of at least one amino group of the protein

25

30

with at least one aldehyde group of the polymer by reductive amination, reference is made

to the detailed discloswre above concerning the specific reactnon parameters of the
- reductive ammanon reactlon such as pH or temperature.

_ Accordmg to the second preferred embodiment, the polymer is reacted with an at least

bifunctional compound" comprising at least one functional group M capable of being
reacted with the polymer and at least one functional group Q which is an aldehyde group or

. aketo group ora hemiacetal group and wluch is reacted with an amino group of the protein

by reductive amination.

The oxidized polymer can be used directly for the reaction with the protein or is suitably
recovered in a first step, e.g. by lyophilization, and redissolved in water for conjugation to
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the protein in a second step. As to the coupling of at least one amino group of the protein
with at least one aldehyde group of the polymer by reductive amination, reference is made
to the detailed disclosure above concéming the specific reaction parameters of the
reductive amination reaction such as pH or temperature. According to especially preferred
embodiments of the present invention, the reductive amination is preferably carried out at a
temperature of from 0 to 5 °C such as about 4 °C at a pH of about 4.5 to 5.5 such as about
5.0 and for a reaction time of about 20 to 30 h such as about 24 h.

According to the second preferred embodiment, the polymer is reacted with an at least
bifunctional compound comprising at least one functional group M capable of being
reacted with the polymer and at'lo'ﬁst one functional group Q which js an aldehyde group, a
keto gmup'or a hemiacetal gfoup and which is reacted with an amino group of the protein

by reductive amination.

It is preferred to employ a compound having, apart from the aldehyde group or keto group
or hemiacetal group, at least one carboxy group or at least one reactive carboxy group,
preferably phe ca.rboxy group or one reactive carboxy group.. The aldehyde group or keto
group or hemiacetal gmup.an‘d the carboxy group or the reactive carboxy group may be.
separated by any suitable spacér. Among others, the spacer may be an optionally
substituted, linear, branched and/or cyclic hydrocarboﬁ residue. Generally, the -
hydrocarbon }esidue bas from 1 to 60, preferably from 1 to 40, more preferably from' 1 to
20, more preferably from 2 to 10, more preferably from 2 to 6 and especially preferably
from 2 to 4 carbon atoms. If heteroatoms are present, the separating group comprises
generally from 1 to 20, preferably from 1 to 8 and especially preferably from 1 to 4

heteroatoms. The hydrocarbon residue may comprise an optionally branched alkyl chain or

. _an aryl group or a cycloalkyl group having, e.g., from 5 to 7 carbon atoms, or be an aralkyl

group, an alkary] group where the alkyl part may be a linear and/or cyclic alkyl group.
According to an even more preferred embodiment, the hydrocarbon residue is an aryl
residue having 5 to 7 and preferably 6 carbon atoms. Most preferably, the hydrocarbon

- residue is the benzene residue. According to this preferred embodiment, the carboxy group

and the aldehyde group may be located at the benzene ring in 1,4-position, 1,3-position or
1,2-position, the 1,4-position being preferred. ‘
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As reactive carboxy group, a reactive ester, isothiocyanates or isocyanate may be
meéntioned. Preferred reactive esters are derived from N-hydroxy succinimides such as N-
hydroxy succinimide or Sulfo-N-hydroxy succinimide, suitably substituted phenols such as
p-nitrophenol,  o,p-dinitrophenol, 0,0-dinitrophenol, trichlorophenol such as 2.4.6-
trichlorophénol or 2,4,5-trichlorophenol, trifluorophenol such as 2,4,6-triffuorophenol or
2,4,5-trifluoropbenol, pézitachlorophenol, pentaﬂuorophehol, or hydroxyazoles such. as
hydroxy benzotriazole. Especially preferred are N-hydroxy succinimides, with N-hydroxy
succinipﬁde and Sulfo-N-hydroxy succinimide being especially preferred. All alcohols
may be employed alone or as suitable combination of two or more thereof. As reactive

ester, pentafluorophbenyl ester and N-hydroxy succinimide ester ar¢ especially preferred.

"Thus, according to a preferred embodiment, the present invention relates to a method and a
kcoxijtigatq as described above, wherein the polymer is reacted with formylbenzoic acid.

According to another preferred embodiment, the present invention relates to a method and
a conjugate as described above, wherein the polymer is reacted with formylbenzoic acid

pentafluorophenyl ester.

According to yet another preferred embodiment, the present invention relates to a method
and a conjugate as described above, wherein the polymer is reacted with formylbenzoic

_acid N-hydroxysuccinimide ester.

Accordmg 10 yet another embodxment, the present invention relates to a method and a

: con_]ugate as described above, wherem the polymer is reacted with 4-(4-formyl-3,5-

dlmethoxyphenoxy)butync acid.

The hydroxye_thyl starch subjected to the reaction with the compound comprising M, M
preferably being-a carboxy group or a readﬁve carboxy group and Q being an aldehyde
group or a keto group or a hemiacetal group, is most preferably hydroxethyl starch having
a mean molecular weiéht.of about 10 kD and a DS of about 0.7. Also possible are

- hydroxethyl starches having a mean molecular weight of about 10 kD and a DS of about
" 0.4 or hydroxethyl starch having a mean molecular weight of about 12 kD and a DS of

about 0.4 or hydroxethyl starch having a mean molecular weight of about 12 kD and a DS
of about 0.7 or hydroxethyl starch having a mean molecular weight of about 18 kD and a
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DS of about 0.4 or hydroxethyl starch having a mean molecular weight of about 18 kD and
a DS of about 0.7 or hydroxethyl starch having a mean molecular weight of about 50 kD
and a DS of about 0.4 or hydroxethyl starch having a mean molecular weight of about 50
kD and a DS of about 0.7. Particularly preferably, the hydroxyalkyl starch and even more
preferably the hydroxyethyl starch is employed with its reducing end in the oxidized form.

The resulting polymer derivative with the aldehyde group or the keto group or the
hemiacetal group is subsequently reacted with an amino group of the protein via reductive
-amination. As to the coupling of at least one amino group of the protein with at least one
aldehyde group or keto group or hemiacetal group of the polymer by reductive amination, -
reference is made to the detailed disclosure above concerning the specific reaction
pammeters'of the reductive amination reaction such as pH or temperature. According to an
especmﬂy preferred embodime;lt' of the present invention, the reaction with the amino

' group of the protein is preferably carried out at a temperature of from 0 to 40 °C, more

preferably of from O to 25 °C and especially preferably of from 4 to 21 °C. The reaction
time preferably ranges of from 30 min 1o 72 b, more preferably of from 2 to 48 h and
especially preferably of from 4 h to 17 h. As solvent for the reaction, an aqueous medium
is preferred. The pH value of the reaction medium is preferably in the range of from 4 10 9,
more preferably of from 4 to 8 and especiéﬂy preferably of from 4.5 to 5.5.

'According_ to the third preferred embodiment, the polymer is reacted at its optionally

oxidized reducing end with an at least bifunctional compound comprising an amino group
M and a functional group Q, wherein smd amino group M is reacted with the optionally
oxidized reducing end of the polymer and wherein the functional group Q is chemically

modified to give an aldehyde functiqnalize’d polymer derivative which is reacted with an

‘amino group of the protein by reductive amination.

As to functional group Q, the following functional groups are to be mentioned, among

others:

"- - C-C-double bonds or C-C-triple bonds or aromatic C-C-bonds;

- the thio group or the hydroxy groups;

- alkyl sulfonic acid hydrazide, aryl sulfonic acid hydrazide;
- 1,2-dioles;

- 1,2 amino-thioalcohols;
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azides;

1,2-aminoalcohols;

the amino group -NH, or derivatives of the amino groups comprising the structure
unit ~NH- such as aminoalkyl groups, ammoaryl group, aminoaralkyl groups, or
alkarlyaminogroups;

the hydroxylamino group -O-NH, or derivatives of the hyd.roxylammo group
comprising the structure unit -O-NH-, such as hydroxylalkylamino groups,
hydroxylarylamino groups, hydroxylaralkylamino groups, or hydroxalalkarylamino
groups; | '
alkoxyammo groups, . aryloxyamino  groups, aralkyloxyamino groups, or
alkaryloxyammo groups, each comprising the structure unit -NH-O-;’

' residues having a carbonyl group, -.Q-C(—G)-M wherem GisOor S, and M is, for

example,

~ -OHor SH;

-~ an alkoxy group, an aryloxy group, an aralkyloxy group, or an a.lkaryloxy
gIOUP,

— an alkylthlo group, an arylthio group, an aralkylthlo group, or an alkarylthxo
group;

- an alkylcarbonyloxy - group, an arylcarbonyloxy group, an aralkylcarbonyloxy

group, an alkarylcarbonyloxy group;
—  activated esters such as esters of hydroxylamines having 1m1d structure such as
' N-hydroxysuccinimide or having a structure unit O-N where N is part of a.
_ heteroaryl compound or, with G = O and Q absent, such as aryloxy compounds
with a substituted aryl residue such as pentafluorophenyl, paranitmphenyl or
trichlorophenyl; ' ' ‘ o :
wherein Q is absent or NH or a heteroatom suchas S or O
-NH- NH,, or -NH-NH-;
-NO;
the nitril group;
- carbonyl groups such as the aldehyde group or the keto group;
the carboxy group;
the -N=C=0 group or the -N=C=S group;
vinyl halide groups such as the vinyl iodide or the vinyl bromlde group or triflate;
-C=C-H;



10

15

20

25

- the group

-62-

- -(C=NH,Cl)-OAlkyl
- groups -(C=0)-CHz-Hal wherein Hal is Cl, Br, or I;
- -CH=CH-S0-;

- a disulfide group comprising the structure -S-S-;
o)
—N I
- the group o 3

X
ON NO,

According toa prefeh:ed embodiment of the present invention; the term "functional group
Q" relates to a functional group Q which comprises the chemical structure -NH-.

According to one preferred embodiment of the present invention, the functional group M is '
a group having the slructuré R'-NH-.where R’ is hydrogen or a atkyl, cycloalkyl, aryl,
aralkyl, arylcycloatkyl, alkaryl or cycloalkylaryl residue where the cycloalkyl, aryl,
aralkyl, arylcycloalkyl, alkaryl or cycloalkylaryl residue may be linked directly to the NH
group or, according to another embodiment, may be linked by an oxygen bndge tothe NH

' group. The alkyl, cycloalkyl, aryl, aralkyl, arylcycloalkyl, alkaryl, or cycloalkylaryl

residues may be suitably substituted. As preferred substituents, halogenes such as F, Cl or.
Br may be mentioned. Especially preferred residues R are hydrogen; alkyl and alkoxy
groups, and even more preferred are hydrogen and unsubstituted alkyl and alkoxy grou‘ps;

Among the alkyl and alkoxy groups, groups with 1,2, 3, 4, 5, or 6 C atoms are preferred.
More i)teferred are methyl, ethyl, propyl, isopropyl, methoxy, ethoxy, propoxy, and
1sopropoxy groups. Especlally preferred are methyl, ethyl, methoxy, ethoxy, and partlcula:

pteference is given to methyl or methoxy.

According to another embodiment of the present invention, the functional group M has the
structure R-NH-R"- where R" preferably comprises the structure unit -NH- and/or the
structure unit {(C=G)- where G.is O or S, and/or the structure unit -SO,-. Specific
examples for the functional group R" are '
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H H O
N N. G i
T (R GRS
N H 1l
SN G G O
H. H
/N N\
~and G

where, if G is present twice, it is independently O or S.

Therefore' the present invention also relates to a method and a conjugate as menﬁoned
above wherein the functional group M is selected from the group consnstmg of

HaN- -H O oL, .~
N HNT R N7 -
H,NT ™ 2 : ' H
H S o
_N , : HN, 7
HN"Y N—S—
: . H i
G o
N H N
HzN, \n/ ~ ‘ HzN/ \"/ ~ -
G : G

wherein G is O or S and, if present twice; independently O or S, and R’ is methyl.

According to a particularly preferred embodiment of the present invention, the functional _
group M is an amino group -NH,. '

The térm "amino group Q" relates to a functional group Q which comprises the chem1cal
structure -NH-. ‘

According to a preferred embodiment of the present invention, the functional group Q is a

. group -having the structure R-NH- where R' is hydrogen or a alkyl, cycloalkyl, aryl,

aralkyl, arylcycloalkyl, alkaryl or cycloalkylaryl residue where the cycloalkyl, aryl,
aralkyl, arylcycloalkyl alkaryl or cycloalkylaryl residue may be lmked directly to the NH
group or, according to another embodiment, may be linked by an oxygen bridge to the NH
group. The alkyl, cycloalkyl, aryl, aralkyl, arylcycloalkyl, alkaryl, or cycloalkylaryl
residues may be suitably substituted. As preferred substituents, halogenes such as F, Clor
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Br may be mentioned. Especially preferred residues R' are hydrogen, alky! and alkoxy
groups, and even more preferred are hydrogen and unsubstituted alkyl and alkoxy groups.

Among the alkyl and alkoxy groups, groups with 1, 2, 3, 4, 5, or 6 C atoms are preferred.
5 More preferred are methyl, ethyl, propyl, isopropyl, methoxy, ethoxy, propoxy, and
isopropoxy groups. Especially preferred are methyl, ethyl, methoxy, ethoxy, and particular

preference is given to methy!l or meihoxy.

According to another embodiment of the present invention, the functional group Q bas the
10  structure R-NH-R"- wheére R" preferably comprises the structure unit -NH- and/or the

structure unit -(C=G)- where G is O or S, and/or the structure unit -SO,-, According to -

more preferred embodiments, the functional group R" is selected from tin_e group consisting .

“of , .
H H 0
' /N\n/ NG ol
i m H i
AN G G o
~ \l,r ~
and G

where, if G is present twice, it is indepéndexitly OorS.
15 . * . .
Therefore, the present invention also relates to a method and a conjugate as mentioned

_above wherein the functional group Q is selected from the group consisting of

HN- - H- o) O~
- . . H ~ R’ N
- T A ~H
N N—S—
. : H I
G- . o]
rd
H,N7 \ﬂ/ ~ H,N \n’ ~
G G

wherein G is O or S and, if present twice, independently O or S, and R' is methyl.
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According to a particularly preferred embodiment of the present invention, the functional
group Q is an amino group -NH,.

According to a still further preferred embodiment of the present invention, both' M and Q
comprise an amino group -NH-. According to a particularly preferred embodunent, both M
and Q are an amino group -NHa.

According to a preferred embodiment of the present invention, the compound comprising:
M and Q is a homobifunctional compound, more preferably a homobifunctional compound
comprising, as functional groups M and Q, most préferably the amino group -NH, or

H .
H.;,N’N_\n/-
G .
with G preferably being O. Specific examples for these compounds comprising M and Q
are
H,N~ \ﬂ/ “NH
o
or i )
e .
HzN\N./U\/\/\n( n‘NHz
H S o
or
N0 T,

The hydroxyethyl starch snb_;ected to the reactxon with the compound comprising M, M
preferably being an amino group -NH- and more preferably bemg an amino group —NHz,
still more preferably both M and Q comprising an amino group -NH- and particularly
preferably !;oth M and Q comprising an amino group -NHy, is preferably hydroxethyl
starch having a mean molecular weight of about 10 kD and a DS of about 0.4 or
hydroxethyl starch having a mean molecular weight of about 10 kD and a DS of about 0.7.
Also possible are or hydroxethyl starches having mean molecular weight of about 12 kD
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and a DS of about 0.4 or hydroxethyl starch having a mean molecular weight of about 12
kD and a DS of about 0.7 or hydroxethyl starch having a mean molecular weight of about
18 kD and a DS of about 0.4 or hydroxethyl starch having a mean molecular weight of
about 18 kD and a DS of about 0.7 or hydroxethy! starch having a mean molecular weight
of about 50 kD and a DS of about 0.4 or hydroxethy! starch having a mean molecular
wetght of about 50 kD and a DS of about 0.7.

In case both M and Q are an amino group -NH,, M and Q may be separated by any suitable
spacer. Among othexs, the spacer may be an optlonally substituted, linear, branched and/or
cyclic. hydrocarbon residue. Generally, the hydrocarbon residue has from 1 to 60,

' preferably ﬁ'om Ito 40 more preferably from 1 to 20, ‘more preferably from 2 to 10, more

preferably from 2 to 6 and especially preferably from 2 to 4’ carbon atoms. If heteroatoms

‘are present, the separaung group comprises generally ﬁom 1 to 20, preferably from 1t0 8

and especially preferably from 1 to 4 heteroatoms The hydrocarbon residue may comprise
an optionally branched alkyl chain or an aryl group or a cycloalkyl group having, e.g.,

~ from 5to 7 carbon atoms, or be an aralkyl group, an alkaryl group where the alkyl part

may be a lipear and/or cyclic alkyl group. According to an even more preferred
embodunent, the hydrocarbon residue is an alkyl chain of from 1 to 20, preferably from 2
to 10, more preferably from 2 to 6, and especially preferably from 2 to 4 carbon atoms.

,'I’herefore the present mventlon also relates to a method and a conjugate as descnbed

above, wherein the polymer is reacted with 1 4-d1ammobutane 1,3-diaminopropane or 1,2-
diaminoethane to give a polymer derivative. ’

The reaction of the at least bifunctional compound comprising M and Q w1th the polymer
is preferably carned outata temperature of from 0 to 100 °C, more preferably of from 4 to
80 °C and especlally preferably of ﬁ'om 20 to 80 °C; the reaction time preferably ranges of - .
from 4 h to 7 d, more prefembly of from 10 hto 5 d and especlally preferably of from 17 to
4 h. The molar ratio of at least bifunctional compound : polymer is preferably in the range
of from 10 to 200, specially from 50 to 100.

As solvent for the reaction of the at least bifunctional compound with the polymer, at least
one aprotic: solvent, particularly preferably an anhydrous aprotic solvent having a water

content of not more than 0.5 percent by weight, preferably of not more than 0.1 percent by )
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weight is .préferred. Suitable solvents are, among others, dimethyl sblfoxfde (DMSO0), N-
methyl pyrrolidone, dimethyl acetamide (DMA), dimethyl fornmamide (DMF) and mixtures

of two or more thereof.

As solvent for the reaction of the at least bifunctional compound with the polymer, also an
aqueous medium may be used.

Accordiné to a preferred embodiment, the polymer derivative cémprising the polymer and
the at least bifunctional compound is chemically modified at the free functional group Q to

give a polymer derivative comprising an aldehyde group or keto-group or hemiacetal '
group. According to this embodiment, it is preferred to react the polymer cierivative with at
lcast one at least blfuncuonal compound which compnses a functional -group capable of
bemg reacted with the functional group Q and an aldehyde group or keto group or

hemiacetal group.

As at least bifunctional compound, each compound is suitable which has an aldeyhde
group or keto group or hemiacetal group and at least one functional group which is capable

. of forming a linkage with the functional group Q of the polymer derivative. The at least

one functional group is selected from the same pool of functional groups as Q and is
chosén_ to be able to be reacted with Q. In the preferred case that Q is an amino group -
NHj, it is preferred to employ a éoinpound‘having, apart from the aldehyde group or keto

. group or hemiacetal group,.at least one carboxy group or at.least one reactive carboxy

" . group, preferably one carboxy group or one reactive carboxy group. The aldchyde group

25

30

group or keto group or hemiacetal group and the carboxy group or the reactive carboxy -
group may be separated by any smtablc spacer Among others, the spacer may be an
optionally subsututed, linear, bmnched and/or cyclic hydrocarbon residue. Generally, the
hydrocarbon residue bas from 1 10 60, preferably from 1 to 40, moré preferably from l to
20, more preferably from 2 to 10, more preferably from 2 to 6 and especially preferably
from 2 to 4 carbon atoms. If heteroatoms are present, the separating group comprises
generally from 1 to 20, preferably from 1 to 8 and especially preferably from 1 to 4
heteroatoms. The hydrocarbon residue may comprise an optionally branched alkyl chain or
an aryl group or a cycloalkyl group having, e.g., from 5 to 7 carbon atoms, or be. an aralkyl
group, an alkaryl group where the alkyl part may be a linear and/or cyclic alkyl group.
According to an even more preferred embodiment, the hydrocarbon reé:idue is.an aryl



10

15

- 20

25

- 30

-68 -

residue having 5 to 7 and preferably 6 carbon atoms. Most preferably, the hydrocarbon
residue is the benzene residue. According to this preferred embodiment, the carboxy group
and the aldehyde group may be located at the benzene ring in 1,4-position, 1,3-position or
1,2-position, the 1,4-position being preferred.

As reactive carboxy group, a reactive ester, isothiocyanates or isocyanate may be
mentioned. Preferred reactive esters are derived from N-hydroxy succinimides sueh as N-
hydroxy succinimide or Sulfo-N-hydroxy succinimide, suitably substituted phenols such as
p-nitrophenol o,p-diriitropherml 0,0"-dinitrophenol, trichlorophenol such as 2,4,6-
tnchlorophenol or 2,4,5-trichlorophenol, mﬂuorophenol such as 2,4,6-trifluorophenol or
24 S-tnﬂuorophenol pentachlorophenol pentaﬂuorophenol, or hydroxyazoles such as
hydroxy benzotnazole Especlally preferred are N—hydroxy succinimides, with N-hydroxy
succinimide and Sulfo-N-hydroxy succinimide bemg especially preferred. All alcohols
may be employed alone or as smtable combmatlon of two or more thereof. As reactive

ester, pentafluorophenyl ester and N-hydroxy succinimide ester are especially preferred.

- Thus, according to a preferred embodiment, the present invention relates to a method and a

conjugate as described above, wherein the polymer derivative comprising Q, Q being an
amino group -NIL, is further reacted with formylbenzoic acid. '

Accordmg to another embodiment, the present invention relates to a method and a

_conjugate as described above, wherem the polymer derivative comprising Q, Q being an
‘amino group, is further reacted with formylbenzoic acid pentafluorophenyl ester.

" According to yet another embodiment, the present invention relates to a method and a

conjugate as described eboye, wherein the polymer derivative comprising Q, Q being an

amino group, is further reacted with formylbenzoic acid N—hydmxysuecirﬁmide ester.

According to yet another embodiment, the present invention relates to a method and a
conjugate as described above, wherein the polymer derivative comprising Q, Q being an -
amino group, is further reacted with 4-(4-formyl-3,5-dimethoxyphenoxy)butyric acid.

As solvent for the reaction of the polymer derivative comprising an amino group and, e.g,

formylbenzoic acid, at least one aprotic solvent, particularly preferably an anhydrous
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aprotic solvent havmg a water content of not more than 0. 5 percent by weight, preferably

of not more than 0.1 percent by weight is preferred. Suitable solvents are, among others,
dlmethyl sulfoxide (DMSO), N-methyl pyrrolidone, dimethyl acetarmde (DMA), dimethyl

~ formamide (DMF) and mixtures of two or more thereof.

The reaction is preferably carried out at a temperature of from 0 to 40 °C, more preferably
of from 0 to 25 °C and especially preferably of from 15 to 25 °C for a reaction time
preferably of from 0.5 to 24 h and especially preferably of from 1 to 17 h.

According to a preferred embodiment, the reaction is carried out in the presence of an
activating agent. Suitable acnvatrng agents are, among. others carbodiimides such as
dusopropyl carbodiimde (DIC), dicyclohexyl carboduuudes (DCC), 1-ethyl-3-(3-

: ‘drmethylammopropyl) carbodumrde (EDC), with dusopropyl carbodiimde (DIC) bemg

especially preferred.

The resulting polymer derivative may be purified ﬁom the reaction mixture by at least one
suitable method. If necessary, the polymer denvatwe may be precipitated prior to the
1solauon by at least one suitable method.

If the polymer derivative is precipitated first, it is possible, e.g, to contact the reaction.

mlxture with at least one solvent or solvent mixture other than the solvent or solvent

mixture present in the réaction mixture at suitable temperatures Accordmg to a
partxcularly preferred embodiment of the present invention where an aqueous medrum,
preferably water is used as solvent, the reaction mixture is contacted with 2—propanol or
with am mixture of acetone and ethanol, preferably a 1:1 mlxture (v/v), indicating equal

' volumes of said compounds at a temperature, preferably in the range of from -20 to +50

°C and especrally preferably in the range of from -20 to 25 °C

Isolation of the polymer denvatrve may be carried out by a smtable process which may

compnse one or more steps. According to a preferred embodiment of the present mventron

- the polymer derivative is first separated off the reaction mixture or the mixture of the

reaction mixture with, e.g., aqueous 2-propanol mixture, by a suitable method such as
centriﬁxg_ation or filtration. In a second step, the separated polymer derivative may be
subjected to a further treatment such as an after-treatment like dialysis, centrifugal
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filration or pressure filtration, ion exchange chromatography, reversed phase
chromatography, HPLC, MPLC, gel filtration and/or lyophilisation. According to an even
more preferred embodiment, the separated polymer derivative is first dialysed, preferably
against water, and then lyophilized until the solvent content of the reaction product is
sufficiently low according to the desired specifications of the product. Lyophilisation may
be carried out at temperature of from 20 to 35 °C, preferably of from 20 to 30 °C.

The resulting polymer derivative with the aldehyde group or keto group or hemiacetal
group is subsequently reacted with an amino group of the protein via reductive amination.
As to the coupling of at least one amino group of the protein with at least one aldehyde
" group or Keto group or hemiacetal group of the polymer by reductive amination, reference
is made to the detailed disclosure Above concerning the specific ieaction parameters of the

" ‘reductive amination reaction’ such as pH or temperature, According to an especially

preferred embodiment of the present invention, the reductive amination is carried out at a
temperature of from 0 to 10.°C such as from 1 to 8 °C or from 2 to 6 °C such as about 4 °C
at a pH of about 4.5 to 5.5 such as about 5.0. The reaction time is about 10 to 20 h such as
from 12 to 19 h or from 14 to 18 h such as about 17 h or about 20 to 30 h such as about 24

“h.

Thus,.acéording to the above-mentioned preferred embodiments, the present invention also
relates, in . case the polymer was reacted via its oxidized reducing end, to a conjugate

according to the formula

H

" According to an éspecialiy preferred embodiment, the polymer is hydroxyethyl starch, i.e.
HAS' is HES', and n = 2, 3, or 4, most preferably 4, as described above. Therefore, in case A
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the polymer was reacted via its oxidized reducing end, the Ppresent invention also relates to

a conjugate according to the formula

Accordmg to another prefcrred embodlment the present invention also relates, in case the

polymer was reacted via its OXJdlZed reducmg end, to a conjugate according to the formula
H OR‘ ‘

wherein n =2, 3, or 4, R4 being 'independently hydrogen or a methoxy group, and m =0 in

-case Ryis hydrpgen and m =1 in case R, is methoxy, HAS preferably being HES'.

In each of the formulae above, the nitrogen atmched to the protein derives from the amino

group of the protein the polymer derivative is linked to via the aldehyde group.

With respect_to the above-mentloned embodiments accordmg to which the functional

* groups Mand Q compnse an amino group -NH,, it is also possible that M is an amino
‘group -NH; and Q comprises a beta hydroxy amino group -CH(OH)-CH>-NH> and

preferably is a beta hydroxy amino group.

Therefore, the presént invention also relates to a method and a conjugate as described
above, wherein the amino group Q of the compound comprising two amino groups M and
Q, is a beta hydroxy amino group -CH(OH)-CH,-NH,.
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In this case, M and Q may be separated by any suitable spacer. Among-others, the spacer
may be an optionally substituted, linear, branched and/or cyclic hydrocarbon residue.
Generally, the hydrocarbon residue has from 1 to 60, preferably from 1 to 40, more
preferably from 1 to 20, more preferably from 2 to 10, more preferably from 1 to 6 and
especially preferably from 1 to 2 carbon atoms. If heteroatoms are present, the separating
group comprises generally from 1 to 20, preferably from 1 to 8 and especially preferably
ﬁ'om. 1 to 4 heteroatoms. The hydrocarbon residue may comprise an optionally branched
alkyl chain or an aryl group or a cycloalkyl group having, e.g., from 5 to 7 carbon atoms,
or be an aralkyl group, an alkaryl group where the alkyl part may be a linear and/or cyclic
alkyl group. According to an even more preferred embodiment, the hydrocarbon residue is
an aik&l chain of from 1 to 20, preferably from 1 to 10, more preferably from 1 to 6, more
preferably from 1 to 4 carbon atoms and especially preferably ﬁom l to 2 carbon atoms
Still more prefembly, Mand Q are separated bya methylene group.

Thefefore, the present invention also relates to a method and a conjugate as described

above, wherein the polymer is reacted with 1,3-diamino-2-hydroxypropane.

In case the polymer is reacted via its oxidized reducing end, a polymer derivative
according to the formula results

especially preferably with HAS' HES'

The redction of the at least bifunctional compound comprising M and Q, particnlarlj
preferably 1,3-diamino-2-hydroxypropane, with the polymer is preferably carried out at a
temperature of from 40 to 120 °C, more prefcrably of from 40 to 90 °C and especially
preferably of frqm 60 to 80 °C. The reaction time preferably ranges from 17 to 168 h, more
preferably from 17 to 96 h and especially preferably from 48 to 96 h. The molar ratio of at
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least biﬁmction;al compound : polymer is preferably in the range of from 200:1 to 10:1,
specially from 50:1 to 100:1. '
- :

As solvent for the reaction of the at least bifunctional compound with the polymer, at least
one aprotic solvent, preferably an anhydrous aprotic solvent having a water content of not
more than 0.5 percent by weight, preferably of not more than 0.1 percent by weight is
preferred. Suitable solvents are, among others, dimethyl sulfoxide (DMSO), N-methyl
pyrrolidone, dimethyl acetamide (DMA), dimethyl formamide (DMF) and mixtures of two

or more thereof.

The beta hydroxy amino group Q of the polymer derivative generally may be reacted with
an at least bjfunctionai compqund comprising at least one functional group capable of

. being.reacted with Q and further comprising at least one finctional group being an

aldehyde group or keto group or hemjacétal group ora functional group capable of being
modified to give an aldehyde group or keto group or hemiacetal group. According to
another embodiment of the present invention, the beta hydroxy amino group is directly

' cheinica]ly modified to give an aldehyde group by chemical oxidation.

This oxidation may be carried with all suitable oxidation agents which are capa.ble of
converting the beta hydroxy amino group to an aldehyde group. Preferred oxidation
reagents are periodates such as alkaline metal peﬁodatés. Espécially preferred is sodium
periodate which is preferably employed as aqueous solution. This solution has a preferred
iodate concentration of from 1 to 50 mM, more preferably from 1 to 25 mM and especially

- preferably of from 1 to 10 mM. Oxidation is carried out at a temperature of from 0 to 40

°C, preferably from 0 to 25 °C and especially preferably from 4 to 20 °C.

" The resulting polymer derivative may be purified from the reaction mixture by at least one .

suitable method. If necessary, the polymer derivative may be precipitated prior to the
isolation by at least one suitable method. :

If the polymer derivative is precipitated first, it is possible, e.g., to contact the reaction
mixture with at least one solvent or solvent mixture other than the solvent or solvent

. mixture present in the reaction mixture at suitable temperatures. According to a

particularly preferred embodiment of the present invention where an aqueous mediu;h,
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preferably water .is used as solvent, the reaction mixture is contacted with 2-propanol or
with am mixture of acetone and ethanol, preferably a 1:1 mixture (v/v), indicating equal
volumes of said compounds, at a temperature, preferably in the range of from -20 to +50
°C and especially preferably in the range of from -20 to 25 °C.

Isolation of the polymer derivative may be carried out by a suitable process which may
comprise one or more steps. According to a preferred embodiment of the present invention,
the polymer derivative is first separated off the reaction mixture or the mixture of the
reaction mixture with, e.g., aqueous 2-propanol mixture, by a suitable method such as
centnfugatxon or filtration. In a second step, the separated polymer derivative may be
subjected to a funher treatment such as an after-treatment like dialysis, centrifugal
filtration or pressure filtration, jon exchange chromatography, reversed phase
chromatography, HPLC MPLC, gel filtration and/or lyopluhsatmn According to an even
more preferred embodiment, the. separated polymer derivative is first dialysed, preferably
against water, and then lyophilized until the solvent content of the reaction product is
sufficiently low according to the desired specifications of the product. Lyophilisation may
be carried out at temperature of from 20 to 35 °C, preferably of from 20 to 30 °C.

Therefore, the present invention also relates to a method and a con_;ugate as described
above, wherein the ox1danon of the beta hydroxy amino group Q is carried out usmg a
penodate - :

Thexefore the present mvennon also relates to a method of producmg a conjugate
wherein, in case the polymer was employed with oxldxzed reducmg end, a polymer
derivative having a beta hydroxy amino group, especially preferably

and particularly with HAS"= HES', is oxidized, preferably with a periodate, to a polymer
derivative having an aldehyde group, eSpecnally preferably
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and particularly with HAS' = HES".

The resulting polymer derivative with the aldehyde group A is subséquently reacted with
the protein. Therefore, the present invention .also relates to a metliod of producing a -
conjugate said method compnsmg reacting a polymer derivative having a beta hydroxy
amino gtoup, in case the polymer was employed with oxndxzed reducing end especxally
preferably according to the forrnula

and particularly with H.AS' I-IES' with an ammo group of the protem

The resultmg polymer derivative with the aldehyde group is subsequently reacted with an
amino group of the protein via reductive amination. As to the coupling of at least one
amino group of the protein with at least one aldehyde group of the polymer by reductive
amination, reference is made to the detailed disclosure above.

. Thus, according to the above-mentioned preferred embodiment, the present invention also

_relates to a conjugate according to the formula
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IIDrotein
NH
H

particularly with HAS' = HES), in case the polymer was employed with oxidized reducing
end. In the formula above, the nitrogen attached to the protein derives from the amino
group of the protein the polymer derivative is linked to via the aldehyde group.

5 According, to a further emWent of &e present invention, the polymer is first reacted .
with a suitable compoﬁn'd to give a first polymer derivative comprising at least one reactive
carboxy group. This first polymer dexiva'tive is then reacted With a further, at least
bifunctional compound wherein at least one functional group of this further compound is
reacted with at least one reactive carboxy groﬁp of the polymer derivative and at least one

10  other functional group of the further compound is an_aldehydé group or keto group or
hemiacetal group or is a functional group which is chemically modified to ‘give an
aldehyde group or keto group or hemiacetal group, and wherein the resulting polymer
derivative comprising said aldehyde group or keto group or hemiacetal group is reacted via

" reductive amination, as described above, with at least one amino group of the protein. It is

15 . also possible to alter the éequence of reacting the respective compounds with each other.
According to a first alternative of said further embodiinent, the polymer comprising at Jeast

one reactive carboxy group is prepared by.selectively oxidizing the polymer at its reducing
end and subsequently reacting the oxidized polymer being a lactone

(Ila)

20  and/or a carboxylic acid
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(Ib)

or a suitable salt of the carboxylic acid such as alkali metal salt, pi'eferably as sodium
and/or potassium salt, and HAS' preferably being HES), with a suitable compound to give
the polymer comprising at least one reactive carboxy group. ' '

Oxidation 6f the polyn_xer; preferably hydroxyethyl starch, may be carried out according to . |
each method or combination of methods which result in compounds- having the above-

‘mentioned strictures ({a) and/or (IIb).

" Although the oxidation may be carried out according to all suitable method or methods

resulting in the oxidized reducing end of hydroxyalkyl starch, it is preferably carried out
using an alkaline iodine solution as described, e.g., in DE 196 28 705 Al the respective
contents of which (example A, column 9, lines 6 to 24) is incorporated herein by reference.

Introducing the reactive carboxy ‘group into the polymer which is selectively oxidized at its
‘reducing end may carried out by all conceivable methods and all suitable compounds.

According to a specific method of the present invention, the polymer which is selectively

-oxidized at its reducing end is reacted at the oxidized reducing end with at least one

. alcohol, preferably with at least one acidic alcohol such as acidic alcohols having a pKa

value in the range of from 6 to 12 or of from 7 to 11 at 25 °C. The molecular weight of the
acidic alcohol may be in the range of from 80 to 500 g/mole, such as of from 90 to 300

" g/mole or of from 100 to 200 g/mole.

Suitable acidic alcohols are all alcohols H-O-R having an acidic proton and are capable of
being with reacted with the oxidized polymer to give the respective reactive polymer ester,
preferably according to the formula
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Preferred alcohols are N-hydroxy succinimides such as N-hydroxy succinimde or Sulfo-N-
hydroxy succinimide, suitably substituted phenols such as p—ni&ophenol, o,p-dinitrophenol,
0,0'-dinitrophenol, tricklorophenol suc;h, as 2,4,6-trichlorophenol or 2,4,5-trichlorophenol,
trifluorophenol such as 2,4,6-trifluorophénol or 2,4,5-triﬂuor;:>phenol, pentachlorophenol, -

. pentafluorophenol, or hydroxyazoles such as hydroxy benzotriazole. Especially preferred
‘are  N-hydroxy . succinimides, with N-hydroxysuccinimide ~and Sulfo-N--
. hydroxysuccinimide being especially preferred. All alcohols méy be employed alone or as

suitable combination of two or more thereof. In the context of the present invention, it is
also possible to employ a compound which releases the respective alcohol, e.g. by adding

diesters of carbonic acid.

Ther;.-fore, the present invention also relates to a method as described above, wherein the
poiymer whi'ch is selectively oxidised at its reducing end is activated by reacting the
oxidised polymer with an acidic alcohol, preferably with N-hydroxy succinimide and/or
Sulfo-NThydfoxy succinimide. :

According to a preferred embodiment of the present invention, the polymer which is
selectively oxidized at its reducing end is reacted at the oxidized reducing end with at least
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one carbbnic diester Rg-O-(C=0)-0-Rc¢, wherein R and R¢ may be the same or different.
Preferably, this method gives reactive polymers according to the formula

_wherein HAS' is prefembfy HES'.

As suitable carbonic diester compounds, compounds may be_.-gmployed whose alcohol -

" components are independently'N-'hydroxy succinimides such as N-hydroxy succinimde or

Sulfo-N-hydroxy succinimide, suitably substituted phenols such as p-nitrophenol, o,p-
dinitrophenol, o,b'—dinitrophenol, trichlorophenol such as 2,4,6-trichlorophenol or 2,4,5-
trichlorophenol, trifluorophenol such as 2,4,6-trifluorophenol or 2,4,5-trifluorophenol,
pemachloropheﬁol, peﬁtaﬂuorophenol, or hydrdxyazoles such as hydroxy benzotriazole..
Especially preferred arc N,N'-disuccinimidyl carbonate and Sulfo-N,N-disuccinimidyl

carbonate, with N,N'-disuccinimidyl carbonate being especially preferred.

Therefore, the ptesent invention also relates a method as descnbed above, wherein the
polymer which is selectively oxidised at its reducmg end is acuvated by reacting ‘the
oxidised polymer with N,N'-disuccinimidyl carbonate. ’ .

The acidic alcohol is reacted with the oxidized polymer or the salt of the oxidized polymer
at a molar ratio of acidic alcohol : polymer preferab_ly of from 5:1 to 50:1, more preferably
of from 8:1 to 20:1, at a preferred reaction temperature of from 2 to 40 °C, more preferably

of from 10 to 30 °C and eﬁpecially preferably of from 15 to 25 °C. The reaction time is
preferably in the range of from 1 to 10 h, more preferably of from 2 to 5 h, more preferably

of from 2 to 4 hand parucularly of from2to 3 h.

The carbonic diester compound is reacted with the oxidized polymer or the salt of the
oxidized polymer at a molar ratio of diester compound : polymer generally of from 1:1 to
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3:1, such as of from 1:1 to 1.5:1. The reaction time is generally in the range of from 0.1 to
12 h, like of from 0.2 to 6 h, or of from 0.5 to 2 h or of from 0.75 to 1.25 h.

Accqrding to a preferred embodiment of the - present invention, reacting the oxidized
polymer with acidic alcohol and/or carbonic diester is carried out in at least one aprotic
solvent, éuch as in an anhydrous aprotic solvent having a water content of not more than
0.5 pefcent by weight, preferably of not more than 0.1 percent by weight. Suitable solvents
are, among others, dimethyl sulfoxide (DMSO), N-methy! pyrrolidone, dimethyl acetamide
(DMA), dimethyl formamide (DMF) and mixtures of two or more thereof. The reaction
tempt_arature's are preferably in the raﬁge of from 2 to 40 °C, more ptefé}'ably of from 10 to
30°C.

For reacting the oxidized pblymer with the at least one acidic alcohol, at Jeast one

additional activating agent is employed.

Suitable activating agents are, among others, carbonyldiimidazole, carbodiimides such as
diisopropyl carbodiimde (DIC), dicyclohexyl carbodiimides (DCC),. 1-ethyl-3-(3-
dimethylaminopiopyi) ca;bodiiniide (EDC), with dicyclohexyl carbodiimides (DCCj and
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) being especially preferred. _

Therefore, the present invention also relates to the xﬁethod as described above, wh'ere the‘
polymer which is oxidized at its reducing end, is reacted with an acidic alcoho! in the
presence of an additional activating agent to give the reactive polymer ester.

According to one embodiment. of the present invention,  the reaction of the oxidized
polymer with carbonic diester and/or acidic alcohol is carried out at a low base aéu'vity
which may be determined by adding the reaction mixture to water with a volume ratio of '

water to reaction mixture of 10:1. Prior to the addition, the water which comprises

essentially no buffer, has a 'pH value of 7 at 25 °C. Afier the addition of the reaction
mixture and by measuring the pH value, the base activity of the reaction mixture is
obtained, having a value of preferably not more than 9.0, more preferably of nor more than

8.0 and especially préferably of not mbre_ than 7.5.
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According to another embodiment of the present invention, the oxidized polymer is reacted
with N-hydroxy succinimide in dry DMA in the absence of water with EDC to selecuvely
give the polymer N-hydroxy succinimide ester according to the formula

more preferably with HAS' being HES'.

Sixrprisingly, this reaction does not give by-products resulting from reactions of EDC with
OH groups of HES, and the rearrangement reaction of the O-acyl isourea formed by EDC
and the oxidized polymer to the respective N-acyl urea is surprisingly suppressed.

According to another preferred embodiment of the present invention, the oxidized polymer
is reacted with N,N'-disuccinimidyl carbonate in dry DMF in the absence of water and in
the absence of an activating agént to selectively give the polymer N-hydroxy succinimide
ester according to the formula o ) . . .

more preferably with HAS' being HES'.

According to another embodiment of the present invention, the polymer which is
selectively oxidized at its reducing end is reacted at the oxidized reducing end with an
azolide such as carbonyldiimidazole or carbonyl dibenzimidazole to give a polymer having
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a reactive carboxy group. In the case of carbonyldiimidazole, a reéctive imidazolide

polymer derivative according to formula

_ results, wherein HAS' is preferably HES'. -

According to a'second alternative of said further embodiment of the present ix'wention '
regarding the introdti(':tion of at least one reactive carboxy group into the polyiner,- the
reactive carboxy group is introduced into the polymer whose reducing end is not 6xidized,
by reacting at least one hydroxy group of the polymer with a carbonic diester.

Therefore, the present invention also relates to a method and conjugates wherein the
reactive carboxy groilp iS introduced in the polymer whose reduqing end is not oxidized,
by reac;ting at least one hydroxy group of the polymer with at least one carbonic diester
carbonic diester Rg-O-(C=0)-O-R, wherein R and Rc may be the same or different.

According to another embodiment of the present invention, the polymer whose reducing
end is not oxidized, is reacted at at least one hydroxy group with an azolide such as
carbonyldiihﬁdazole, carbonyl-di-(1,2,4-triazole) or carbonyl dibenzimidazol to give a
polymer having a rea’cﬁve carboxy group. ‘

. As suitable cafbonic diester compounds, compoux,xcis i;xdy be employed whose alcohol

- components are independently N-hydroxy succinimides such as N-hydroxy succinimde or

25

Sulfo-N-hydroxy succinimide, suitably substituted phenols such as p-nitrophenol, o,p~
dinitrophenol, o,o'-dinifrophenol, trichlorophenol such as 2,4,6-trichlorophenol or-2,4,5-
trichlorophenol, trifluorophenol such as 2,4,6-trifluorophenol or 2,4,5-trifluorophenol,
pentéchlorophenol; pentafluorophenol, or hydroxyazoles such as hydroxy benzotriazole.
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Especially preferred are symmetrical carbonic diester compounds, Rg and Rc thus being
the same. The alcohol component of the carbonic diester is preferably selected from the
group consistiné of N-hydroxy succinimide, sulfonated N-hydroxy succinimide, N-
hydroxy benzotriazole, and nitro- and halogen-substituted phenols. Among others,
nitrophenol, dinitrophenol, trichlorophenol, trifluorophenol, pentachlorophenol, and
pentafluorophenol are preferred. Especially preferred are N,N'-disuccinimidyl carbonate
and Sulfo-NN'disuccinimidy! carbonats, with N,N-disuccinimidyl carbonate being
especially preferred. '

Therefore, the present invention also relates to a hydroxyalkyl starch derivative, preferably

~ a hydroxyethyl starch derivative, wherein at least one hydroxy group, preferably at Teast

two hydroxy groups of said starch have been reacted with a carbonic diester compound to
give the respective reactive ester. '

According to one embodiment of the present invention, the reaction of the polymer whose
reducing end is not oxidized, with the at least one carbonic diester compound is carried out
at a temperature of from 2 to 40 °C, more preferably of from 10 to 30 °C and especially of

.from 15t025°C. A prefemed reaction time ranges from 0,5 to 5 h, more preferably from |

to 3 h, and especially preferably from 2to 3 h.

The molar atio of carbomc diester compOund polymer depends on the degree of
subsntunon of the polymer regarding the number of hydroxy groups reacted with carbonic
diester compound relative to the number of hydroxy groups present in the non-reacted

polymer. -

According to one embodiment of the present ix_lvention, the mqlar ratio of carbonic diester
compound': anhydroglucose units of the polymer is in the range of from 1:2 to 1:1000,
more preferably of from 1:3 to 1:100 and especially preferably of from 1:10 to 1:50, to

‘give a degree of substitution in the range of from 0.5 to 0.001, preferably of from 0.33 to

0.01 and especially preferably of from 0.1 to 0.02

According to one embodiment of the present invention, reacting the polymer whose
reducing end is not oxidized, with carbonic diester is carried out in at least one aprotic

solvent, particularly preferably in an anhydrous éprotic solvent having a water content of
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not more than 0.5 percent by weight, preferably of not more than 0.1 petcerit by weight.
Suitable solvents are, among others, dimethyl sulfoxide (DMSQ0), N-methy! pyrrolidone,
dimethyl acetamide (DMA), dimethy] formamide (DMF) and mixtures of two or more
thereof.

Therefore, the present invention also relates to a method as described above wheréin the
reaction of the at least one hydroi:y group of the polymer whose reducing end is not-
oxidised, with the carbonic diester to give a reactive carboxy group is carmried out in an
anhydrous aprotic polar solvent, the solvent preferably being dimethyl acetamide, dimethyl

formamide or a mixture thereof.

t

"“The reactxve polymer derivative comprising at least one reactive carboxy group, preferably

resultmg fmm the reaction of the polymer with the acidic alcohol, the carbonate and/or the
azolide, as described above, is further reacted with a further, at least bifunctional
compound wherein at least .one.functional group F; -of this further compound is reacted
with at least one reactive carbdxy group of the polymer derivative. As at least one
functional group F, of the further compound no specific ﬁmitations exist given that a
reaction with the at least one reactive carboxy group of the polymer is possible. Preferred . -
functional groups F, are, e.g., an amino group or a hydroxy group or a thio group or a A
carboxy group. - o

*The further, at least bifunctional compound comprises at least one other functional group

F, being an aldehyde group of a functional group F, being capable of being chemically -
modified to give an aldehyde group. The chemical modification may be, eg.,a reaction of
the functional group F, with a functional group F; a further linker compound or an-

. oxidation or a reduction of a suitable funcﬁoqal group Fa.

30

. Incase F2 is mcted with a functxonal group Fs3 of a further compound the ﬁmctlonal group

F may be selected from, among others,

- C-C-double bonds or C-C-triple bonds or aromatic C-C-bonds;
- the thio group or the hydroxy group;

- . alkyl sulfonic acid hydrazide, aryl sulfonic acid hydrazide;

- 1,2-dioles; :

- 1,2-aminoalcohols;
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1,2 amino-thioalcohols;'

azides;

the amino group -NH; or derivatives of the amino groups comprising the structure
unit -NH- such as aminoalkyl groups, aminoaryl group, aminoaralkyl groups, or
alkarlyaminogroups; . '

the hydroxylamino group -O-NH,, or derivatives of the hydroxylamino group
comprising the structure unit -O-NH-, such as hydroxylalkylamino groups,
hydroxylarylamino groups, hydroxylaralkylamino gn-oups, or hydrqxalalkarylamino

- groups;

alkoxyamino groups, aryloxyamino groups, aralkyloxjamino groups, or

.alkaryloxyaliﬁno groups, each comprising the structure unit -NH-Oa' .
residues havmg a carbonyl group, -Q-C(—G)-M, wherem G isOor S and M is, for . -

example,

—~ ~OHor-SH; .

—  an alkoxy group, an aryloxy group, an aralkyloxy group, or am alkaryloxy
group; ’

~  an alkylthio group, an arylt}uo group, an aralkylthm group, or an alkarylthlo
group; :

- an alkylcarbonyloxy group, an arylcarbonyloxy group, an 'aralkylcarbonyloxy
group, an alkarylcarbonyloxy group; :

—  activated esters such as esters of hydroxylamines havmg imid structure such as
N-hydroxysuccunmde or baving a structure unit O-N where N is part of a
heteroaryl compound or, with G =0 and Q absent, such as aryloxy cdmpounds
‘with a substituted aryl residue such as pentafluorophenyl, paranitrophenyl or
_trichlorophenyl; ‘

wherein Q is absent or NH or a heteroatom such as S or O;

-NH-NH;, or -NH-NH-; '
-NO; |
the mtnl group; _
carbon'yl groups such as the aldehyde group or the keto group;
the carboxy group;
the -N=C=0 group or the -N=C=S group;
vinyl halide groups such as the vinyl iodide or the vinyl bromide group or triflate;
-C=C-H;
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- -(C=NH,CI)-OAlkyl
- groups -(C=0)-CH,-Hal wherein Hal is Cl, Br, or I;
- -CH=CH-SO,-;
-. a disulfide group comprising the structure -S-S-;
0,
—N |
- the group o H

__F
ON: : :No2

wherein F; is a group -capable ‘of forming a chermcal hnkage w1th one of the above-
mentioned groups and is preferably selected from the above-mentioned groups. Moreover,
the second linker compoﬁnd preferably has at least one aldehyde group or keto group or
hemiacetal group which is capable of bemg reacted with an amino group of the protein via

reductive ammanon

The functiohal group F, and the aldehyde group or keto group or hemiacetal grdup of the at
least bifunctional linking compound which is reacted with the polymer, and/or the
functional groups F, and F; of the at least bifunctional linking compound which is reacted )

‘with the polymer, and/or the functional group F; and the aldehyde group or keto group or

hemiacetal - group of the further, at least bifunctional linking compound, may be
independently separated by any suitable spacer. Among others, the spacer may be an

‘optionally substituted, lmear branched and/or cyclic, aliphatic andfor aromatic o

hydrocarbon residue. Generally, the hydrocarbon residue has up to 60, preferably up ta 40,
more preferably up to 20, more preferably up to 10 carbon atoms If heteroatoms are
present, the separating group comprises generally from 1 to 20 prefcrably from 1 to 8,
more preferably 1 to 6, moré preferably 1 to 4 and especxa.lly preferably from 1 to 2
heteroatoms. As heteroatoﬁ), O is preferred. The hydrocarbon residue may comprise an
optionally branched alkyl chain or.an aryl group or a cycloalkyl group having, e.g., from 5
to 7 carbon atoms, or be an aralkyl group, an alkaryl group where the alkyl part may be a
linear and/or cyclic alkyl group. | -



10

15

20

25

30

-87-

Examples of a compound with functional groups F, and f-‘; are, e.g., optionally substituted
diaminoalkane having from 2 to 20 carbon atoms, especially preferably 1,2-diaminoethane,
1,3-diaminopropane, and 1,4-diaminobutane. Preferred examples of a compound with
functional groups F; and an aldehyde group or a keto group or a hemiacetal group are, e.g.,
formylbenzoic acid, 4-fothy]benzoic acid pentafivorophenyl ester, 4-formylbenzoic acid-
N-hydroxysuccinimide ester and 4-(4-formyl-3,5-dimethoxyphenoxy)butyric acid. '

Therefore, the present invention also relates to a method of producing a conjugate, said
method comprising reacting the poiymer, prefeiably hydroxyethyl starch, at its optionally
oxidized réducing end with a compound, selected from the group consisting of acidic
alcohols, carbonic diesters and azolides, to give a polymer derivative comprising at least

" one reactive carboxy group, reacting said polymer derivativé with at least one at least
' blﬁmctlonal compound to give a polymer denvatxve compnsmg an aldehyde group or a

keto group or a hemiacetal group or a ﬁmctlonal group capable of being chemxcally
modified to give an aldehyde group or a keto group or a hemiacetal group, optionally
chemically modiﬁing said functional group to give a polymer derivative comprising an
aldehyde group or a keto group or a hemiacetal group, and reacting the polymer derivative

* comprising an aldehyde group or a keto group or a hemiacetal group with an amino group

of a protein via reductive amination.

Accordingly, the present in\_r:ention' also relates to a conjugate coniprising a polymer,
preferably hydroxyethyl starch, and a protein covalently linked to each other, obtainable by

. a method of producing a conjugate, said method comprising reacting the polymer, at its

optionally oxidized reducing end with a compound, selected from the group consisting of
acidic alcohols, carbonic diesters and azolides, to give a polymer derivative comprising at

least one reactive carboxy group, reacting said polymer derivative with at least one at least

_bifunctional compound to give a polymer derivative comprising an aldehyde group or a

keto group or a hemiacetal group or a functional group capable of being chemically
modified to give an aldehyde group or a keto group or a hemiacetal group, optionally
chemically modifying said functional group to give a polymer derivative comprising an
aldehyde group or a keto group or a hemiacetal group, and reacting the polymer derivative
comprising an aldehyde group or a keto group or a hemiacetal group with an amino group

of a protein via reductive amination.
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A specific example of a compound having a functional group F and a functional group F»
which is oxidized to give an aldehyde group is, e.g., a compound having an amino group as

~ Fyandabeta hydxbxy amino group as F2. An especially preferred example is 1,3-diamino-

2-hydroxypropane. This oxidation may be carried with all suitable oxidation agents which
are capable of converting the beta hydroxy amino group to an aldehyde group. Preferred
oxidation rahgents are périodates such as alkaline metal periodates. Especially preferred is
sodium periodate which is preferably employed as aqueous solution. This solution has a
preferred iodate concentration of from 1 to 50 mM, more preferably from 1 to 25 -mM and
especially preferably of from 1 to 10 mM. Oxidation is carried out at a temperature of from
0t0 40 °C‘, pre_ferably from O to 25 °C and especially preferably from 4 to 20 °C.

The resultmg polymer derivative may be purified from the reaction mixture by at lcast one
suitable method. If necessary, the polymer derivative may be preclpltated pnor to the

‘ isolation by at least one suitable method. .

_If the polymer derivative is precipitated first, it is possible, e.g., to contact the reaction

mixture with at least one solvent or solvent m1xtute other than the solvent or solvent

" mixture present in the reaction ‘mixture at smtable temperatures. Accordlng to a

"particularly preferred embodiment of the present invention where an aqueous medium,

preferably water is used as solvent, the reaction mixture is contacted with 2-propanol or
with am mixture of acetone and ethanol, preferably a 1:1 mixture (v/v), indicating equal
volumes of said compounds, at a temperature, preferably in the range of from -20 to +50

°C and especially preferably in the range of from -20 to 25 °C.

Isolation of the polymer deﬁvative'may be carried out by a suitable process which may
qdmpﬁse one or more steps. According to a preferred embodiment of the present invention,
the polymer derivative is first separated off the reaction mixture or the mixture of the
reaction mixture with, e.g., aqueous 2-propanol mixture, by a suitable method such as
centrifugation or filtration. In a second step,' the separated polymer derivative may be

- subjected to- a further treatment such as an after-treatment like dialysis, centrifugal

filtration * or pressure filtration, ion exchange chromatography, reversed phase -
chromatography, HPLC, MPLC, gel filtration and/or lyophilisation. According to an even
more preferred embodiment, the separated polymer derivative is first dialysed, preferably
against water, and then lyophilized until the solvent content of the reaction product is.
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suﬂicnently low accordmg to the desued specifications of the product. Lyophilisation may
be carried out at temperature of from 20 to 35 °C, preferably of from 20 to 30 °C.

According to another preferred embodiment of the present invention, the functional group
Z of the protein to be reacted with functional group A of the polymer or polymer denvatxve
is a thiol group. . o

The thiol group may be present in the protein as such. Moreover, it is possible to introduce -
a thiol group into the protein according to a suitable method. Among others, chemical
methods may be menhoned. Ifa dxsulﬁde bndge 1s present in the protein, it is possible to

- reduce the -S-S- structure to get a th:ol group. It is also possible to transform an amino

group present in the polypeptxde into a SH group by reaction the polypeptide via the amino
group with a compound which has at least two different functional groups, one of which is
capable of being reacted with the amino group and the other is an SH group or a precursor
of an SH group eg N-succinimidyl-S-acetylthioacetate, N-succinimidyl-S-
acetylthiopropionate or N—succinim.idyl-3-(pyﬁdyldithio)propionate It is also possible to |
introduce an SH group by mutation of the protein such as by introducing an additional
cysteine into the protein, exchanging an amino acid to a cysteine or such as removing a
cystein from the protein so as to disable another cysteine in the protein to form a disulfide
bridge. Most preferably, the polymer is linked to a ﬁee cysteine of the protein, especially
preferably Cys 17 or Cys 18, wherem Cys 17 i 1s, eg., present in Granocyte@ and Cys 18
is,e.g., pr&sent in Neupogen@

o ’Accordmg toa first embodlment, the functional group Z of the protein is a thxol group and '

25

30

funcnona] group A of the polymer is a halogenacetyl group and wherein Ais introduced by
reacting the polymer at its optionally oxidized reducing end with an at least blfunrmonal |
compound having at least two functional groups each comprising an amino group to give a
polymer derivative havmg at least one functional group comprising an amino group and .
reacting the polymer derivative with a monobalogen-substituted acetic acid and/or a

reactive monohalogen-subshmted acetic acid derivative.

As to the at least bifunctional compound having at least two functional groups each
compnsmg an amino group, all compounds are conceivable which are capable of being
reacted with the polymer at its optionally reducing end to give a polymer derivative
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comprising an amino group which can be reacted with a monchalogen-substituted acetic

acid and/or a reactive monohalogen-substituted acetic acid derivative,

According to a preferred embodiment, one functional group of the at least bifunctional
compound, said functional group being reacted with the optionally oxidized reducing end
of the polymer, is selected from the group consisting of

H2N— : H /O\ '/O\ ~
, : N H R’
HNT S N N
HN’N\n/ | e
L 2 .
. : H U
¢ | o
NS NS
G G

wherein G is O or S and, if present twice, independently O or S, and R' is methyl.

According to an especially preferred embodiment of the present invention, the functional
group of the at least bifunctional compound, said functional group being reacted with the
optionally oxidized reducing end, is the amino group -NH;. According to a still further

| préferred embodiment, this functional group, most preferably the amino group, is reacted
with the oxidized reducing end of the polymer.

* According to a preferred embodiment of the present invention, the functional group of the

at least bifunctional compound, said functional group being reacted with the monohalogen-

substituted acetic acid and/or a reactive monohalogen-substituted acetic acid derivative, is

an amino group -NHa.

The functional groups, preferably both being an amino group -NH;, of the at least
bifunctional compound, said functional groups being reacted with the polymer at its
optionally oxidized reducing end, preferai)ly the oxidized reducing end, and the
monohalogeri—substitutgd acetic acid and/or a reactive monohalogen-substituted acetic acid
derivative, may be separated by any suitable spacer. Among others, the spacer may be an

optionally substituted, linear, branched and/or cyclic hydrocarbon residue. Suitable

substituents are, among others, alkyl, aryl, aralkyl, alkaryl, halogen, carbonyl, acyl,
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carboxy, carboxyester, hydroxy, thio, -alkoxy and/or alkylthio ‘groups. Generally, the
hydrocarbon residue has from 1 to 60, preferably from 1 to 40, more preferably from 1 to
20, more preferably from 2 'to 10, more preferably from 2 to 6 and especially preferably
from 2 to 4 carbon atoms. If ‘heteroatoms are present, the separating group comprises
generally from 1 to 20, preferably from 1 to 8 and especially preferably from 1 to 4
heteroatoms. The hydrocarbon residue may comprise an optionally branched alkyl chain or
an aryl group or a cycloalkyl group having, e.g., from 5 to 7 carbon atoms, or be an aralkyl
group, an alkaryl group where the alkyl part may be a linear and/or cyclic alkyl group.
According to an even more preferred embodiment, the hydrocarbon residue is an altkyl
chain of from 1 to 20, preferably from 2 to 10, and especially preferably from 2 to 8 carbon .
atoms. Thus, préferred at least bifunctional compounds are bifunctional amino compounds,
especially preferably 1,8-diamino octane, 1,7-diamino heptane, 1,6-diamino hexane, 1,5-

. diamino pentane, 1,4-diamino butane, ‘1,3-diamino propane, and 1,2-diamino ethane.

According to a further preferred embodiment, the at least bifunctional compound is a
diaminopolyethylenglycol, preferably a diaminopolyethylenglycol according to formula '
H;N-(CH;-CH2-0)n~CHy-CH-NH; '

wherein m is an integer, m preferably being 1, 2, 3, or 4.

Tliémfore, the present invention also relates to a method and a conjugate as described,
above, wherein the polymer is reacted with 1,8-diaminooctane, 1,7-diaminoheptane, 1,6-
diaminohexane, l',S—diaminopemané, 1,4-diaminobutane, 1,3-diaminopropane, and 1 ,2-
diaminoethane at its oxidized reducing end with to give a polymer derivative according to -
the formula ' ’ .

HAS~_
R W

withn=2, 3, 4, 5, 6, 7, or 8, and the polymer especially preferably being HES.

Therefore, the present invention also relates to a method and a conjugate as described
above, wherein the polymer is reacted with HoN-(CH,-CHz-O)m-CH;-CH,-NH; at its
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. oxidized reducing end, wherein m is 1, 2, 3, or 4, to give a polymer derivative according to
the formula ' '

HAS'
- \O

with m = 1, 2, 3, or 4, and the polymer especially preferably being HES.

5 The oxidation of the reduciﬂg end of the'f)olyiner, pfefe_mbly dex_’dxy'ethyl starch, may be
" carried out according to each method or combination of methods which result in
_ compounds ﬁaving the structures (IIa) and/or (IIb): '

([a)

(1Ib)

- Although the oxidation may be carried out according to all suitable method or methods
resulting in the oxidized reducing end of hydroxyalkyl starch, it is preferably carried out
10  using ap alkaline iodine solution as described, e.g., in DE 196 28 705 Al the respective

contents of which (example A, column 9, lines 6 10 24) is incorporated herein by reference.
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The polymer derivative resulting from the reaction of the polymer with the at least °
bifunctional compound, is further reacted with the monohalogen-substituted acetic acid

and/or a reactive monohalogen-substituted acetic acid derivative.

As monohalogen-substituted acetic acid or reactive acid, Cl-substituted, Br-substituted and
I-substituted acetic acid are preferred, with acetic acid chloride being particularly

preferred.

If the halogen-substituted acid is employed as such, it is preferred to react the acid with the
polymer derivative in the presence of an activating agent. Suitable activating aémts are,
among othcrs Suitable activatihg agents are, among others, Mﬁdes such as
diisopropyl carbodiimde (DIC), dlcyclohexyl carbodnmldes {DCC), l-ethyl-3-(3-
dimethylaminopropyl) carbediimide (EDC), with dicyclohexyl carbodiimides (DCC) and
l—ethyl—3—(3-d1me;hylammopropyl) carbodiimide (EDC) being especially preferred.

Therefore, the present invention also relates to a method and a conjugate as described
above, wherein the polymer, preferably HES, is reacted with a diamino compound,
preferably a diaminoalkane with 2 to 8 carbon atoms or HpN-(CHz-CHz-O)m-CHz-CHa-

- NH with m = 1,2, 3, or 4, and reacting the resulting polymer derivative with Br-

substituted and I-substituted acetic acid in the presence of an activating agent, preferably-

Therefore, the present invention also relates to a polymer derivative according to the

formula

wnh X=Cl,Brorl,n=2,3,4,5,6,7, or 8 and the polymer especially preferably being
" HES, or a polymer derivative according to the formula
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with X=Cl,Bror,m=1,2, 3, or 4, and the polymer especially preferably being HES.

The reaction of ‘the‘ polymer derivative with the halogen-substituted acetic acid is
preferably carried out it in an aqueous system, preferably water, at a preferred pH of from
3.5 to 5.5, more preferably from 4.0 to 5.0 and éspecially preferably from 4.5 to 5.0; and a
preferred reaction temperature of from 4 to 30 °C, more preferably from 15 to 25 and
especially preferably from 20 to 25 °C; and for a preferred reaction time of from 1 to 8 h,
more preferably from 2 to 6 hand especially from3to 5 h.

The reaction mixture comprising the polymer derivative which comprises the polymer, the

_ at least bifunctional compound and the halogen-substituted acetic acid, can be used for the
reaction with the protein as such. According to a preferred embodiment of the present

invention, the polymer derivative is separated from the reaction mixture, preferably by
ultrafiltration, subsequent precipitation, optional washing and drying in vacuo.

The reaction of the polymer derivative with the protein is preferably carried out in an

aqueous system.

The reaction of the po]ymér derivative with the protein is carried out at a preferred pH of
from 6.5 to 8.5, more preferably from 7.0 to 8.5 and especially preferably from 7.5 to 8.5;
and a preferred reaction temperature of from 4 to 30 °C, more preferably from 15 to 25 and

-especially preferably from 20 to 25 °C; and for a preferred reaction time of from 0.5 to 8 h,

more preferably from 1 to 6 h and especially from 2to 5 h.

-The reaction of the polymer derivative with the thiol group of the protein results in a

thioether linkage between the polymer derivative and the protein.
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Therefore, the present invention also relates to a method and a conjugate as described
above, wherein the polymer, preferably HES, is reacted with a diamino compound,
preferably a diaminoalkane with 2 to 8 carbon atoms or HyN-(CHz-CHz-O)n-CHz-CH;-
NH; withm = 1, 2, 3, or 4, the resulting polymer derivative is reacted with Br-substituted
and I-substituted acetic acid in the presence of an activ:iting agent, preferably EDC, and the
resulting polymer derivative is reacted with a thiol group of the protein to give a conjugate
éomprising a thioether lirikage between the protein and the polymer derivative.

Therefore, the present invention also relates to a conjugate according to the formula

ﬁ__(_ c /)/'tjl S'/Protein
Hz - \n//\

O

10 withn=2,3,4,5,6,7, or 8, and the‘polymer especially preferably being HES, or a

15

conjugate according to the formula

H .
2 .0

withm = 1,2, 3, or 4, and the polymer especially preferably being HES. The hydroxyethiyl
starch is preferably hydroxethyl starch having a mean molecular weight of about 10 kD
and a DS of about 0.4 or hydroxethyl starch having a mean molecular weight of about 10
kD and a DS of about 0.7 or hydroxethyl starch having a mean.molecular weight of about
12 kD and a DS of about 0.4 or hydroxethy! starch having a mean molecular weight of
about 12 kD and a DS of about 0.7 or hydroxethy] starch having a mean molecular weight
of about 18 kD and a DS of about 0.4 of hydroxethyl starch having a mean molecular
Weight of about 18 kD and a DS of about 0.7 or hydroxethyl starch having a mean
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molecular weight of about 50 kD and a DS of about 0.4 or hydroxethyi-starch having a
mean molecular weight of about 50 kD and a DS of about 0.7. »

According to a second embodiment, functional group Z of the protein is a thiol group and
functional group A of the polymer comprises a maleimido group.

According to this embodiment, several possibilities exist to produce the conjugate. In
general, the polymer is reacted at its optionally oxidized reducing end with at least one at
least bifunctional compound, wherein this at least bifunctional compound comprises one
functional group which is capable of being reacted with the opticsnally oxidized reducing
end of the polymer, and at least one ﬁmctioﬁal group which either comprises the

_maleimido group or is chemically modified to give a polymer derivative which comprises

the maleimido group. Accordmg to a preferred embodunent, said functional group is
chemically modified to give a polymer derivative whxch comprises the maleimido group.

Thexefore, the present invention relates to a method and a conjugaté as described above, by
reacting a polymer derivative comprising a maleimido group with a thiol group of the
protein, sald method comprising reacting the polymer at its optmnally oxidized reducing
end with an at least bifunctional compound comprising a functional group U capable of
reacting with the optlonally oxidised reducing end, the at least bifunctional compound
further comprising a functional group W capable of being chemically modified to give a

maleimido group, the method further comprising chemically modifying the functional .

group W to give a maleimido group.

Asto functional group U, each functional group is conceivable which is capable of being
reacted with optionally oxidised reducing end of the polymer.

According to a preferred embodiment of the present invention, the functional group U
comprises the chemical structure -NH-. o

Therefore, the present invention also relates to a method and a conjugate as described

above, wherein the functional g;bup U comprises the structure -NH-.
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According to one preferred embodiment of the present invention, the functional group U is
a group having the structure R'-NH- where R' is hydrogen or a alkyl, cycloalkyl, aryl,
aralkyl, aryleycloalkyl, alkaryl or cycloalkylaryl residue where the cycloalkyl, aryl, '
aralkyl, arylcycloalkyl, alkaryl or cycloalkylaryl residue may be linked directly to the NH
group or, according to another embodiment, may be linkéd by an oxygen bridge to the NH
group. The alkyl, cycloalkyl, aryl, aralkyl, arylcycloalkyl, alkaryl, or cycloalkylaryl
residues may be suitably substituted. As preferred Subsiiments, halogenes such as F, Cl or
Br may be mentioned. Especially preferred residues R' are hydrogen, alkyl and alkoxy *

groups, and even more preferred are hydrogen and unsubstituted alkyl and alkoxy groups.

Among the alkyl and alkoxy groups, groups with 1, 2, 3, 4, 5, or 6 C atoms are preferred.
More preferred are methyl, ethyl, propyl, isopropyl, methoxy, ethoxy, propoxy, and
isopropoxy groups ‘Especially preferred are methyl, ethyl, methoxy, ethoxy, and particular

preference is given to methyl or methoxy.

Therefore, the present invention also relates to a method and a conjugate as described

above, wherein R’ is hydrogen or a methyl or a methoxy group.

According to another preferred embodiment of the present invention, the functional group
U has the structure R'-NH-R"- where R" preferably t::omprises~ the structure unit -NH-
and/or the structure unit (C=G)- where G is O or §, and/or the structure unit -SO;-.
According to more preferred embodiments, the functional group R" is selected from the

group consisting of _

| K R o 2
N ~ ~ —N—S—
i \ﬂ/ bR H Il
AN G G )
Ho WO |
~ \n/ ~
and G

where, if G is present‘tWice,' it is independently O or S.

Therefore, the present invention also relates to-a method and a conjugate as described-

above, wherein the functional group U is selected from the group consisting of
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H N/N\n/ \N
" “N—

G | H
H H :

N N P

H,N \ﬂ/ H,N T

: G

G
wherein G is O or S and, if present twice, independently O or 8, and R* 1s methyl.

. According to a still more preferred embodiment of the present invention, U comprises an

‘amino group -NHj, .

According to an embodiment of the present invention, the functional group W of the at
least bifunctional cdmpound is chemically modiﬁed by reacting the polymer derivative

‘comprising W with a further at least bifunctional compound comprising a functional group
. capable of being reacted with W and further comprising a maleimido group.

As to functional group W and the functional group of said further at least bifunctional
compound which is capable of being reacted with W, the following functional groups are

to be mennoned, among others:

C-C-double bonds or C-C-triple bonds or aromatic C-C-bonds
the thio group or the hydroxy groups;

-alkyl sulfonic acid hydrazide, aryl sulfonic acid hydrazide;

1,2-dioles; .
l 2-aminoalcohols;
1,2 ammo-thxoa]cohols,

azides;

~ the amino group -NH; or derivatives of the amino groups comprising the structure

unit NH- such as aminoalkyl groups, aminoaryl group, aminoaralkyl groups, or
alkarlyaminogroups; . ’

the hydroxylamino group -O-NH,, or derivatives of the hydroxylamino group
comprising the structwre unit -O-NH-, such as hydroxylalkylamino groups,
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' hydroxylarylamino groups, hydroxylaralkylammo groups, or hydroxalalkarylaunno '

groups; ,
alkoxyamino groups, aryloxyamino groups, aralkyloxyaminb groups, or
alkaryloxyamino groups, each comprising the structure unit -NH-O-;

residues having a carbonyl group, -Q-C(=G)-M wherein G is O or S, and M is, for

example,

-OH or -SH; _

an alkoxy group, an aryloxy group, an aralkyloxy group, or an alkaryloxy
group;

an alkylthio group, an arylthio group, an aralkylthio group, or an alkarylthio
group;

an alkylcarbonyloxy group, an arylcarbonyloxy group, an aralkylcarbonyloxy
group, an alkarylcarbonyloxy group; . _
activated esters such as esters of hydroxylamines having imid structure such as
N-hydroxysuccinimide or having a structure unit O-N where N is part of a

- heteroaryl compound or, with G = O and Q absent, such as aryloxy compounds

with a substituted aryl residue such as pentaﬂuorophenyl paranitrophenyl or
tnchlorophenyl, .

wherein Q is absent or NH or a heteroatom such as S or O;
-NH-NH,, or -NH-NH-; v
-NOz; '
the nitril group; .
carbonyl groups such as the afdehyde group or the keto group;
the carboxy group; |
the -N=C=0 group or the -N=C=S group;

vinyl halide groups such as the vinyl iodide or the viny] bromide group or triflate;
-C=C-H;
-(C—NH2C1)—OAlkyl
groups -(C=O)—CH2-HaI wherein Hal is C1, Br, or I;
-CH=CH-S0-;
a disulfide group comprising the structure -S-S-;



10

15

20

-100-

Q
N
- the group ) ;
F
ON NO,

- the group
where W and the functional group of the further at least blﬁmctxonal compound,
respectively, is a group capable of formmg a chemical linkage with one of the above-

mentioned groups.

According to a still more preferred embodiment of the present invention, W comprises an

" amino group -NH,.

According to preferred embodiments of the present invention, both W and the other
functional group are groups from the list of groups given above.

Aécording to one embodiment of the present invention, one of these functional groups is a
thio group. In this particular case, the other functional group is preferably selected from the

| @N\ Har ™ /S”O
= o) 0 \ .
S—S. ) ,

group consisting of

(0]
wherein Hal is Cl, Br, or 1, preferably Bror 1.

According to an especially preferred embodiment of the present invention, one of these

functional groups is selected from the group consisting of a reactive ester such as an ester

“of hydroxylamines having imide structure such as N-hydroxysuccinimide or having a

structure unit O-N where N is part of a heteroaryl compound or such as an aryloxy
compound with a substituted aryl residue such as pentafluorophenyl, paranitrophenyl or
trichlorophenyl, or a carboxy group which is optionally transformed into a reactive ester.
In this particular case, the othér functional group comprises the chemical structure -NH-,
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According to an especially preferred embodiment of the present invention, W comprises
the structure -NH- and the further at least bifunctional compound comprises a reactive
ester and the maleimido group.

As to the functional group W comprising the structure -NH-, reference can be made to the ‘
functional group as described above, wherein W may be the same or different from U.
According to a preferred embodiment of the present invention, U and W are the same.
More preferably, both U and W comprise an amino group. Particularly preferred, both U
and W are an amino group -NHo. '

Accordizig to one embodiment of the present invention, the'polymer may be reacted with .
the at least bifunctional compound comprising U and W at its non-oxidized reducing end in

an aqueous medium. Accordiné- to a preferred embodiment where U and W both are an

amino group, the reaction is carried out using the polymer with the reducing end in the

oxidized form, in at least one aproﬁc solvent, particularly preferably in an anhydrous

aprotic solvent having a water content of not more than 0. 5 percent by wexght, preferably

of not more than 0.1 percent by weight. Suitable solvents are, among others, dimethyl

sulfoxide (DMSO), N-methyl pyrrolidone, dimethyl acetamide (DMA), dimethyl

formamide (DMF) and mixtures of two or more thereof, |

Especially in case both U and W are an amino group -NH;, U and W may be separated by
any suitable spacer. Among others, the spacer may be an optionally substituted, linear,
branched and/or cyclic hydrocarbon residue. Suitable substituents are, among others, alkyl,
aryl, aralkyl, alkaryl, halogen, carbonyl, acyl, carboxy, carboxyester, hydroxy, thio, alkoxy
and/or alkylthio groups. Generally, the hydrocarbon residue has from 1 to 60, preferably
from 1 to 40, more preferably from 1 to 20, more preferably fmm 2 to 10, more preferably

‘from 2 to 6 and especially preferably from 2 to 4 carbon atoms. If heteroatoms are present,

the separating group comprises generally from 1 to 20, preferably from 1 to 8 and
especially preferably from 1 to 4 heteroatoms. The hydrocarbon residue may cbmprise an
optionally branched alkyl chain or an aryl group or a cycloalkyl group having, e. -85 from 5
to 7 carbon atoms, or be an aralkyl group, an alkaryl group where the alkyl part may be a
linear and/or cyclic alkyl group. According to an even more preferred embodiment, the
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hydrocarbon residue is an alkyl cham of from 1 to 20, preferably from 2 to 10, more

preferably from 2 to 6, and especially preferably from 2 to 4 carbon atoms.

Therefore, the present invention also relates to a method and a conjugate as described
above, wherein the polymer is reacted with its oxidized reducing end with 1,4-
diaminobutane, 1,3-diaminopropane or 1,2-diaminoethane to give a polymer derivative

according to the formula

with n =2, 3, or 4, the polymer preferably being HES.

Accordmg to the above-mentloned preferred embodxment, the polymer derivative
comprising an amino group is further reacted with an at least bifunctional compound
comprising a reactive ester group and.the maleimido group. The reactive ester .group and

the maleimido group may be éépamted by a suitable spacer. As to this spacer, reference

can be made to the spacer between the functional groups U and W. According to a

preferred embodiment of the present invention, the reactive ester group and tt_xé maleimido

group are separated by a hydrocarbon chain having from 1 to 10, preferably from 1 to 8, |
more preferab]y from 1 to 6, more preferably from 1 to 4, more preferably from 1 to 2 and »
partlcularly preferably 1 carbon atom. According to a still further preferred embodiment,
the reactive ester is a succinimide ester, and according to a particularly preferred
embodixinent, the at least bifunctional compound comprising the maleimido group and the

reactive ester group is N-(alpha-maleimidoacetoxy)succinimide ester.

Therefore, the present invent also relates to a polymer derivative according to the formula
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O
H . H
N“(*g’)'n’ N\([)F/\N; Vi
o)

withn =2, 3, or 4, the polymer preferably being HES.
The poiymer derivative comprising the maleimido group. is further reacted with the thiol
group of the protein to give a conjugate comprising the polymer derivative linked to the

protein via a thioether group.

Therefore, the present invention also relates to a conjugate, comprising the protein and the

. 0O
N y SN
+l(-:|/)"’ \_g/\N Protein
r I
. . g |

with n = 2, 3, .or 4, preferably 4, the polymer preferably being HES, and wherein the S

polymer, according to the formula

atom in the formula above derives from Cys17 or Cys18 of the protein. The hydroxyethyl
starch is preferably hydroxethyl starch having a mean molecular weight .of about 10 kD
and a DS of ébo_ut 0.4 or hydroxethyl starch having a mean molecular weight of about 10
kD and a DS of about 0.7 or hydroxethyl starch having a mean molecular weight of about
12 kD and a DS of about 0.4 or hydroxethyl starch having a mean molecular weight of
aboﬁt 12 kD and a DS of about 0.7 or hydroxethy] starch having a mean molecular weight
of about 18 kD and a DS of about 0.4 or hydroxethyl starch having a mean molecular
weight of about 18 kD and a DS of about 0.7 or hydroxethyl starch having a mean
molecular weight of about 50 kD and a DS of about 0.4 or hydroxethyl starch havmg a
mean molecular welght of about 50 kD and a DS of about 0.7.
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- The reaction of the polymer derivative comprising the maleimido group with the thiol

group of the protein is preferably carried in a buffered aqueous system, , at a preferred pH
of from5.5 to 8.5, more preferably from 6 to 8 and especially preferably from 6.5 to 7.5,
and a preferred reaction temperature of from 0 to 40 °C, more preferably from 0 to 25 and
especially preferably from 4 to 21 °C, and for a preferred reaction time of from 0.5 to 24 h,

" more preferably from 1 to 20 h and especially from 2 to 17 h. The suitable pH value of the

reaction mixture may be adjusted by adding at least one suitable buffer. Among the
preferred buffers, sodium acetate buffer, phosphate or borate buffers may be mentioned,
containing either urea at a preferred concentration of from 0 to 8 M, more preffered from 2
to 8 M and especlally preferred from 4 to 8 M, and/or containing SDS at a preffered
concentration of from 0 to 1% (w/v), more preferred from 0.4 to 1% (w/v) and especlally
prefferd from 0.8 to 1% (w/v) '

The coﬁjugat:e may be subjected to a further treatment such as an after-treatment like
dialysis, centrifugal filtration or pressure filtration, ion exchange chromatography, reversed
phase chromatography, HPLC, MPLC, gel ﬁltratlon and/or lyophilisation.

Therefore, the present invention also relates to a conjugate as obtainable by a method as
described above.

Therefore, the present invention also relates to a conjugate as obtainable by a method as -
described above, wherein A is a reactive carboxy group, and wherein A was mtroduced in

the polymcr whose reducing end was not oxidized, by reacting at least one hydroxy. group

" of the polymer with a carbomc dlester, and wherein, said comprising one polymer

molecule and at least one, in partlcular of from 1 to 10 protein molecules linked to the

polymer via amide linkages.

The present invention also relates to a conjugate comprising a protein and a polymer or a
derivative thereof, wherein the polymer is a hydroxyalky] starch (HAS) and the protein is a
granulocyte colony stimulating factor (G-CSF), having a structure according to the formula '

-




‘10

15

20

wherein R;, Rz and R; are independently hydrogen or a hydroxyalkyl group, a hydroxyaryl
group, a hydroxyarélkyl group or a hydroxyalkaryl group having of from 1 to 10 carbon
atoms, preferably hydrogen or a hydroxyalkyl group, more préferably hydrogen or a
hydroxyethyl group, | :
wherein G is selected from the group consisting of O and S, preferably O, and

wherein L is an optionally suitably substituted, linear, branched apd/or cyclic hydrocarbon
residue, optionally comprising at least one heteroatom, preferably an alkyl, aryl, aralkyl,
heteroaryl, heteroaralkyl residue having from 2 to 60 carboh atoms.

" The abbreviation "Protein’ " as used in the formulae above refc:s.to the G-CSF molecule’

used for the reaction without the carbon atom of the carbohydrate moiety Which is part of
oxime linkage in the N=C double bond. o

The present invention also relates to a conjugate as described above, wherein -L- is -
(CHxn- withn=2, 3, 4,5, 6, 7, 8, 9, 10, preferably 2, 3, 4, 5, 6, more preferably 2, 3, 4,
and especially preferably 4. '

The present invention also relates to a conjugate comprising a protein and a polymer or a
derivative thercof, wherein the polymer is a hydroxyalkyl starch (HAS) and the protein is a
granulocyte colony stimulating factor (G-CSF), having a structure according to the formula
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HAS' —OH
T N\o G
RQO 4N\N/ILN/N§/Pr0tein'
. o . H H
H
and/or
. G
H
N\N,-U\N/NQ/Protein'

H-. H

wherein Rl, R; and Rj are independently hydrogen or a hydroxyélkyl group, a hydroxyaryl
group, a hydroxyaralkyl group or a hydroxyalkaryl group having of from 1 to.10 carbon
atbms, preferably hydrogen or a hydroxyalkyl group, more preferably hydrogen or a
hydroxyethyl group, and ' : -

wherein G is selected from the group consisting of O and S, préferably O, and

The abbreviation "Proteiﬁ' " as used in the formulae above refers to the G-CSF molecuie
used for the reaction without the carbon atom of the carbohydrate moiety which is part of

_ oxime linkage in the N=C double bond.

The present invention also relates to a conjugate comprising a protein and a polymer or a
derivative thereof, wherein the polymer is a hydroxyalkyl starch (HAS) and the protein is a
granulocyte colony stimulating factor (G-CSF), having a structure according to the formula

and/ or
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Whereiﬁ Ry, R; and Rj are independently hydrogen or a hydroxyalkyl group, a hydroxyaryl
group, a hydroxyaralkyl group or a hydroxyalkaryl group hailing of from 1 to 10 carbon
atoms, preferably hydrogen or a hydroxyalkyl group, more preferably hydrogen or a
hydroxyethyl group, and ’ ' - '

_ wherein L is an optionally suitably substituted, linear, branched and/or cyclic hydrocarbon

residue, option%lly comprising at least ope heteroatom, preferably an alkyl, aryl, aralkyl,
heteroaryl, heteroaralkyl residue having from 2 to 60 carbon atoms. ‘

The abbreviation "Protein’ " as used in the formulae above refers to the G-CSF molecule
used for the reaction without the carbon atom of the carbohydrate moiéty which is part of
oxime linkage in the N=C double bond.

The two structures above describe a structure where the crosslinking compound is linked
via an oxime linkage to the reducing end of HAS where the terininal saccharide unit of
HES is present in the open form, and a structure with the respective cyclic aminal form
where the crosslinking compound is linked to the reducing end of HES via an oxyamino
group and where the terminal saccharide unit of HES is present in the cyclic form. Both
structures 'méy be simultaneously present in equilibrium with each other.

The present invention also relates to a conjugate as described above, wherein -L- is

+(CRRp)Gla[CR:Ra]o-

" wherein Ry; Ry, Re, Rq are independently hydrogen, alkyl, aryl, preferably hydrogen,

wherein G is selected from the group consisting of O and S, preferably O,

and wherein - _ _ '
m 1,2, 3 or 4, wherein the residues R, and R, may be the same or different in the
m groups C R, Ry;

n 0 to 20, preferably 0 to 10, more preferably 1, 2, 3, 4, 5, most preferably 1 or 2;
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0 0 to 20, preferably 0 to 10, more preferably 1, 2, 3, 4, 5, most preferably 1 or 2,
wherein the residues Rc and Ry may be the same or different in the o groups C R.Ry;

The present invention also relates to a conjugate as described above, whereln Ra; Ry, Rc, R4
are hydrogen, m= 2,n=1,ando=2,

The present invention also relates to a conjugate comprising a protein and a polymer or a
derivative thereof, wherein the polymer is a hydroxyalkyl starch (HAS) and the protein is a
granulocyte colony stimulating factor (G-CSF), baving a structure according to the formula

wherein R,, R; and R; are independently hydrogen or a hydroxyalky! group, a hydrokyaryl

group, a hydroxyaralkyl group or a hydroxyalkaryl group having of from 1 to 10 carbon
atoms, preferably hydrogen or a hydroxyalkyl group, more preferably hydrogen or a

hydroxyethyl group.

The abbreviation "Protein’ " as used in the formula above refers to the G-CSF molecule
used for the reaction thhout the nitrogen atom of the ammo group Wthh is part the amide

hnkage'

The present invention also relates to a conjugate comprising a protein and a polymer or a
derivative thereof, wherein the polymerisa hydroxyalkyl starch (HAS) and the protein is a
granulocyte colony stimulating factor (G-CSF), having a structure according to the formula

H .
HAS —_O\H/N\Protein'

wherein Ry, R; and R; are independently hydrogen or a hydroxyajkyl group, a hydroxyaryl

'group, a hydroxyaralkyl group or a hydroxyalkaryl group having of from 1 to 10 carbon

atoms, preferably hydrogen or a hydroxyalkyl group, more preferably hydrogen or a
hydroxyethyl group, and
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wherein the linkage -O(C=0)- was formed by a reaction of a carboxy group or a reactwe
carboxy group with a hydroxy group of the HAS molecu]e

The abbreviation ”Protein' " as used in the formula above refers to the G-CSF molecule

. used for the reaction without the nitrogen atom of the amino group which is part the amide

linkage.

The present invention also relates to a conjugate, éomprising a protein and a polymer or a
derivative thereof, wherein the polymer is a hydroxyalkyl starch (HAS) and the protein is a
granulocyte colony stimulating factor (G-CSF), having a structure according to the formula

in

* wherein Ry, R; and R; are independently hydrogen or a hydmxya&yl group, a hydroxyaryl

group, a hydroxyaia.lkyl group or a hydroxyalkaryl group having of from 1 to 10 carbon
atoms preferably hydrogen or a hydroxyalkyl group, more preferably hydrogen or a

hydroxyethyl group, and )
wherein L is an optionally substituted, linear, branched and/or cyclic hydrocarbon residue,

optionally comprising at least one heteroatom, having from 1 to 60 preferably from 1 to 40,

more preferably from 1 to 20, more preferably from 1 to 10, more preferably from 1. to 6
more preferably from 1 to 2 carbon atoms and especially preferably 1 carbon atom, L being
in particular CH,. C

The abbreviation "Protein’ " as used in the formula above refers to the G-CSF molecule
used for the reaction without the mtrogen atom of the amino group which is part the

' ammomethyl linkage.’

The present invention also relates to a conjugate, comprising a protein and a pdlymer ora
derivative thereof, wherein the polymer is a hydroxyalkyl starch (HAS) and the protein is a
granulocyte colony stimulating factor (G-CSF), having a structure according to the formula
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5—C~—N——~Protein'

wherein R;, R; and R; are independently hydrogen or a hydroxyalkyl group, a hydroxyaryl
group, a hydroxyaralkyl group or a hydroxyalkaryl group having of from 1 to 10 carbon
atoms, preferably hydrogen or a hydroxyalkyl groub, more preferably hydrogen or a

. hydroxyethyl group, and

wherein L) and L, are independently an optionially substituted, linear, branched and/or
cyclic hydrocarbon residue, optionally comprising at least one heteroatom, comprising an
alkyl, aryl, ara.lkyl heteroalkyl and/or heteroaratkyl moiety, said residue having from 1 to
60 preferably from 1 to 40, more preferably from 1 to 20, more preferably from 1 to 10

carbon atoms, and
wherein D is a linkage, preferably a covalent linkage which was formed by a suitable

functlonal group F? linked to L, and a smtable functional group F; linked to Ls.

The abbreviation "Protein' " as used in the fOrmuiae above refers to the G-CSF molecule
used for the reaction without the nitrogen atom of the amino group which is part of the

ammomethyl hnkagc

The present invention also relates to a conjugate as described above whereéin L, is -
(CHz)n- with n = 2,3,4,5,6,7, 8,9, 10, preferably 2, 3,4, 5, 6, more preferablyz 3,4,

and especially prcferably 4,

The present invention also relates to a conjugate as described above, wherein L, comprises
an optionally suitably subsntuted aryl moiety, preferably an aryl moiety containing 6
carbon atoms, L; being especially preferably CgHs, or wherein L, is -(CHz2)n- withn =2, 3,
4,5,6,7,8,9, 10, preferably 2, 3, 4, 3, 6, more preferably 2, 3, 4.

The present invention also relates to a conjugate as described above, wherein is selected

from the group consisting of
- C-C-double bonds or C-C-triple bonds or aromatic C-C-bonds;
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the thio group or the hydroxy groups;

_alkyl sulfonic acid hydrazide, aryl sulfonic acid hydrazide;
1,2-dioles; '
_ 1,2 amino-thioalcohols;

azides; -

1,2-aminoalcohols;

the amino group -NH, or derivatives of the amino groups wrﬁpﬁsing the

structure unit -NH- such as aminoalkyl groups, aminoaryl group, aminoaralkyl

groups, or alkarlyaminogroups;

the hydfoxylamino group -O-NH,, or derivatives of the hydroxylamino group

comprising the structure unit -O-NH-, such as hydroxylalkylamino groups,

hydroxylarylamino groups, hydroxylaralkylamino groubs, ‘ or

hydroxaialkarylamino groups; ' :

alkoxyamino groups, aryloxyamino groups, aralkyloxyamino groups, or

alkaryloxyamino groups, each comprising the structure unit -NH-0O-;

residues having a carbonyl group, -Q-C(=G)-M, wherein Gis O or S, and M is,

for example, ' '

- -OH or -SH;

—  an alkoxy group, an aryloxy group, an aralkyloxy groﬁp; or an alkaryloxy
group;

— an alkylthio group, an arylthio group, an aralkyithio ‘ group, or an

alkarylthio group; -

T~ an alkylcarbonyloxy group, an arylcarbonyloxy —group, an

aralkylcarbonyloxy group, an alkarylcarbonyloxy group;

— activated esters such as esters of hydroxylamines baving imid structure

such as N-hydroxysuccinimide or having a structure unit O-N where N is
part of a heteroaryl compound or, with G = O and Q absent, such as
éryloxy compounds with a substituted aryl -fesidue- such as
pentafluorophenyl, paranitrophenyl or trichlorophenyl;
wherein Q is absent or NH or a heteroatom such as S or O;
-NH-NH,, or -NH-NH-;
-NO;;

‘the nitril group;

carbonyl groups such as the aldehyde group or the keto group;
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- the carboxy group;

- the -N=C=0 group or the -N=C=S group,

- vinyl halide groups such as the vinyl iodide or the vinyl bromide group or
triflate;

- -C=C-H;

- -(C=NHC1)-OAlkyl

- groups -(C=O)-CH2~Hal wherein Hal is Cl, Br, or I;

- -CH=CH-S0;-;
- a disulfide group comprising the structure -S-S-;
O
—N |
- the groub ) ’

T
. thegroup ©2N NO,

and wherein F; is a functional group capable of forming a chemical linkage with F,
and is preferably selected from the above-mentioned group, F, preferably comprising
the moiety -NH—, more preferably comprising an amino group, F3 preferably
comprising the moiety -(C=G)-, more preferably -(C=0)-, more preferably the
moiety {(C=G)-G-, still more preferably -(C=0)-G-, and especially preferably. -
(C=0)-0, D being particularly preferably an amide linkage. o

The present invention also relates to a conjugate comprising a protein and a polymer or a

derivative thereof, wherein the polymer is a hydroxyalkyl starch (HAS) and the proteiti isa

_ granulocyte colony stimulating factor (G-CSF), having a structure according to the formula

HAS"——C——N-—~Protein’
) H, H
wherein the carbon atom of the moiety -CHz-N2- is derived from an aldehyde group which
was introduced in the polymer by a ring-opening oxidation reaction, wherein HAS" relates
to the hydroxyalky! starch molecule without the aldeyhde group resulting from the ring-
opening oxidation and reacted with the amino group of the protein, and wherein the

nitrogen atom is derived from an amino group of the protein.
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The abbreviation "Protein’ " as ‘used in the formula above refers to the G-CSF molecule
used for the reaction without the nitrogen atom of the amino group which is part the a:mde

- linkage.

The present invention also relates to a conjugate, comprising a protein and a polymer or a
derivative thereof, wherein the polymer is a hydroxyalkyl starch (HAS) and the protem isa
granulocyte colony stimulating factor (G-CSF), having a structure according to the formula

O --

H )j‘\/S-——Protein'
N—L—N
H X

wherein Ry, R; and R; are independently hydrogen or a hydroxyalkyl group, a hydroxyaryl
group, a hydroxyaralkyl group or a hydroxyalkaryl group having of from 1 to 10 carbon
atoms, preferably hydrogen or a hydroxyalkyl group, more preferably hydrogen or a

hydroxyethyl group, and .

wherein L is an optionally substituted, linear, branched and/or cyclic hydrocarbon residue,
optionally comprising at least ‘ one heteroatom, comprising an alkyl, aryl, aralkyl
heteroalkyl, and/or heteroaralkyl moiety, said residue having from 2 to 60 preferably from
2 to 40, more preferably from 2 to 20, more preferably from 2'to 10 carbon atoms, and

wherem the sulfur atom is derived from a cysteine residue or a dxsulﬁde group of the

protein.

The pfcsent i_nvention also relates to a conjugate as described above, wherein -L- is
: ' -[(CRaRo)mGLICRR )
wherein R,; Ry, R, Ry are independently hydrogen, alkyl, aryl, preferably hydrogen,'
wherein G is selected from the group consisting of O and S preferably O, and '

wherein
m 1, 2, 3 or 4, most preferably 2, wherein the residues_ Ra and Ry, may be the same

or different in the m groups C R, Ry;
n 1 to 20, preferably 1 to 10, most preferably 1, 2, 3, or 4;



N L -14-

o 1 to 20, preferably 1 to 10, more preferably 1, 2, 3,4, 5, more preferably 1 or 2,
most preferably 1, wherein the residues R. and Ry may be the same or dnfferent

in the o groups CR.Ry;
or
5 wherein
n 0, and

0 2 to 20, preferably 2 to 10, more preferably 2, 3, 4, 5, 6,7, or 8, wherein the
residues R; and R4 may be the same or different in the o groups CR.Rgy.

10 The present invention also relates to a conjugate, comprising a protein and a polymer or a
derivative thereof, wherein the polymer is a hydroxyalkyi starch (HAS) and the protein is a
granulocyte colony stimulating factor (G-CSF), having a structure according to the formula

0 0
S, .. ,
_N/U\_Nﬁ Protein
H .
. o) o

| " wherein .Rl, Rz and Rj are independently ‘hydrogen or a hydroxyalkyl group, a

hydroxyaryl group, a hydroxyaralkyl group or a hydroxyalkaryl group having of

‘from 1 to 10 carbon atoms, preferably hydrogen or a hydroxyalkyl group, more
preferably hydrogen or a hydroxyethyl group, and C

wherein L is an opnona]ly substituted, lmear, bxfanched and/or cyclic hydrocarbon

20 A residue, optionally comprising at least one heteroatom, comprising an alkyl, aryl,

aralkyl heteroalkyl, and/or heteroaralkyl moiety, said residue having ﬁ'bm 2 to 60

preferably from 2 to 40, more _preferably ﬁ‘om 2 to 20, more preferably from 2 to 10

carbon atoms, and .
wherein the sulfur atom is derived from a cysteine residue or a disulfide group of the

25 protein.

The present invention also relates to a conjugate as deécrib_ed above, wherein -L- is
"[(CRaRb)mG]n[CRcRd]o“ _
wherein Ry; Ry, R, Ry are independently hydrogen, alkyl, aryl, preferably hydrogen,
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wherein G is selected from the group consisting of O and S, preferably O, and

wherein . -

m 1,2, 3 or 4, most preferably 2, wherein the residues R, and Ry, may be the same
or different in the m groups C R, Ry; '

n 1 to 20, preferably 1 to 10, most preferably 1, 2, 3, or 4;

©  1to 20, preferably 1 to 10, more preferably 1, 2, 3, 4, 5, more preferably 1 or 2,
most preferably 1, wherein the residues R, and Ry may be the same or different

in the o groups CRRy;
or
wherein
n 0, and

o 2 to 20, preferably 2 to 10, more preferably 2, 3, 4, 5, 6, 7, or 8, wherein the
' residues R; and Ry may be the same or different in the o groups CR.Ry. -

The present invention also relates to any conjugate as described aboire, wherein the
hydroxyalkyl starch is hydroxyethyl starch.

The present invention also relates to any conjugate as described above, wherein the
hydroxyethyl starch has a molecular weight of from 2 to 200 XD, preferably of from 4 to
130 kD, more preferably of from 4 to 70kD.

According to a further aspect, the present invention relates to a conjugate as described
above, or a conjugate, obtainable by a method as described above, for use in a method for

the treatment of the human or animal body.

Furthermore, the present invention relates to a pharmaceutical composition comprising in a

therapeutically effective amount a conjugéte as described above or a conjugate, obtainable

-bya method as described above.

The term "in a therapeutically effective amount” as used in the context of the present,
invention refers to that amount which provides therapeutic effect for a given condition and
administration regimen. The administration is preferably by routes. The specific route
chosen will depend upon the condition being treated. The administration is preferably done
as part of a formulation containing a suitable carrier, such as polysorbat, a suitable diluent,

such as water and/or a suitable adjuvant such as sorbitol. The required dosage will depend
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upon the severity of the condition being treated, the patients individual response, the
method of administration used, and the like.

Thus, in a preferred embodiment, the pharmaceutical composition further comprises at
least one pharmaceutically acceptable diluent, adjuvant and/or carrier, especially
preferably useful in G-CSF therapy.

The pharmaceutical composition is preferably used for the treatment of a disorder

characterized by a reduced hematopoietic or immune function or diseases related thereto.

Therefore, the present invention also relates to the use of a phanhaceuﬁcal composition as

described above, comprising a conjugate as described above or a conjugate, obtainable by
a method as described above, for the preparation of a medicament for the treatment of a

disorder characterized by a reduced hematopoietic or immune function.

According to a preferred embodiment, the disorder characterized by a reduced

hematopoietic or immune function, is a result of chemotherapy, radiation therapy,
infectious disdlse, severe chronic neutropenia, or leukemia. Therefore, the present
invention also relates to the use of a pharmaceutical composition as described above,
comprising a éonjugate as described above or a conjugate, obtainable by a method as
described abO\;e, for the preparation of a medicament for the treatment of a disorder
characterized Hy .a reduced hematopdietic or immune function, wherein the disorder isa’
result of chemotherapy, radiation therapy, infectious disease, severe chronic neutropenia,

or leukemia.

The object of the treatment with the pharmaceutical composition according to the invention
is preferably administered by i.v. or s.c. routes. For this, the pharmaceutical composition
may be administered as a sterile solution.

The invention is further illustrated by the following figures, tables and examples, which are

in no way intended to restrict the scope of the present invention.
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Short descriptioﬁ of the Figures

Figure 1a

Figure 1a shows an SDS page analysis of the HES—G-CSF conjugate, produced according
to Example 2.1(a), Neupogen®. For gel electrophoresis, a XCell Sure Lock Mini Cell
(lnvitrogen GmbH, Karisruhe, D) and a Consort E143 power supply (CONSORTav,
Turmhout, B) were employed. A 12% Bis-Tris gel together with a MOPS SDS running
buffer at reducing conditions (both Invitrogen GmbH, Karlsruhe, D) were used accordmg

to the manufactures i mstructxon

Lane A:  Protein marker SeeBlue®Plus2 (Invitrogen GmbH, Karlsruhe, D) Molecular
" - weight marker from top to bottom: 188 kD, 98 kD, 62 kD, 49 kD, 38 kD, 28
kD, 17 kD, 14kD, 6 kD, 3 kD. :
LaneB: ° Crude product after conjugation of G-CSF (Neupogen®) with HES as
. described in Example 2.1(a).
LaneC:  G-CSF starting material.

Figure 1b

Figure 1b shows an SDS page analysis of the HES—G-CSF conjugate, produced according -
to Example 2.1(a), Granocyte®. For gel electrophoresis, a XCell Sure Lock Mini Cell

[(Invitrogen GmbH, Karlsruhe, D) and a Consort E143 power supply (CONSORTnv,

Tumnhout, B) were employed. A 12% Bis-Tris gel together with a MOPS SDS running
buffer at reducing conditions (both Invxtrogen GmbH, Karlsruhe, D) were used according
to the manufactures instruction. :

Lane A: Protein marker SeeBlue®Plus2 (Invitrogen GmbH, Karlsruhe, D). Molecular
weight marker from top to bottom: 188 kD, 98 kD, 62 kD, 49 kD, 38 kD, 28
kD, 17 kD, 14kD 6 kD, 3 kD. , :

Lane B: Crude product afier conjugation of G-CSF (Granocyte®) with HES as
described in Example 2.1(a). '

Lane C:  G-CSF starting material.
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Figure 2

Figure 2 shows an SDS page analysis of the HES—G-CSF conjugate, produced according
to Example 2.1(b), G-CSF from Strathmann Biotec AG, Hamburg, D. For gel
electrophoresis a XCell Sure Lock Mini Cell (Invitrogen GmbH, Karlsruhe, D) and a
Consort El43. power supply (CONSORTnv, Turnhout, B) were employed. A 12% Bis-Tris
gel together with a MOPS SDS running buffer at reducing condiﬁoné {both Invitrogen
GmbH, Karlsruhe, D) were used according to the manufactures instruction.

Lane A:  Protein marker SecBlue®Plus2 (Invitrogen GmbH, Karlsruhe, D). Molecular

weight marker from top to bottom: 188 kD, 98 kD, 62 kD, 49 kD, 38 kD, 28
kD, 17kD, 14kD, 6kD,3kD | | |

LaneB:  Crude product after conjugation of G-CSF with HES10/0.4 in 0.1M NaOAc
buffer pH 5.0. . .

Lane C: - Crude prodﬁct after conjugation of G-CSF with HES10/0.7 in 0.1M NaOAc

. buffer pH 5.0. ' . . .

LaneD: Crude product after conjugétion of G-CSF with HES50/0.4 in 0.IM NaOAc
buffer pH 5.0. o _

LaneE: Crude product after conjugation of G-CSF with HES50/0.7 in 0.1M NaOAc
buffer pH 5.0. ‘

LaneF:  G-CSF starting material.

Figﬁre 3

"Figure 3 shows an SDS page analysis of the HES—G-CSF conjugates, produced according

to Example 2.2, G-CSF from Strathmann Biotec AG, Hamburg, D. For gel electrophoresis
a XCell Sure Lock Mini Cell (Invitrogen GmbH, Karlsruhe, D) and a Consort E143 power
supply (CONSORTnv, Turnhout, B) were employed. A 12% Bis-Tris gel toéether with a
MOPS SDS running buffer at reducing conditions (both Invitrogen GmbH, Karlsruhe, D)

were used according to the manufactures instruction.
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Protein marker SeeBlue®Plus2 (Invitrogen GmbH, Karlsruhe, D). Molecular
weight marker from top to bottom: 188 kD, 98 kD, 62 kD, 49 kD, 38 kD, 28
kD, 17 kD, 14 kD, 6 kD, 3 kD. |

Crude product afier conjugation of G-CSF with oxidized HES10/0.7 in 0.1M

NaOAc buffer pH 5.0.
Crude product after conjugation of G-CSF with oxidized HES50/0.4 in 0.1M

- NaOAc buffer pH 5.0.

Crude product after conjugation of G-CSF with oxidized HES50/0.7 in 0.1M
NaOAc buffer pH 5.0. ‘

G-CSF starting material.

Figure 4 shows an SDS page analysis of the HES—G-CSF conjugates, produced according
to Example 2.3, G-CSF is Neupogen® or Grandéyte@. For gel electrophoresis a XCell
Sure Lock Mini Cell (Invitrogen GmbH, Karlsruhe, D) and a Consort E143 power supply
(CONSORTnv, Turnhout, ﬁ) were employed. A 12% Bis-Tris gel together with a MOPS -
SDS running buffer at reducing conditions (both Invitrogen GmbH, Karlsruhe, D) were |
used according to th'e manufactures instruction.

Lane"A:

Lane B:
Lane C:
LaneD:
Lane E:
LaneF:
LaneG:
Lane H:

Lanel;

Lane J: .

" Protein marker SeeBlue®Plus2 (Invitrogen GmbH, Karisruhe, D). Molecular

weight marker from top to bottom: 188 kD, 98 kD, 62 kD, 49.kD, 38 kD, 28
kD, 17 kD, 14 KD, 6 kD, 3 kD. : |

Crude product' (i-N) according to Example 2.3.

Crude product (ii-N) according to Example 2.3.

Crude product (jii-N) aécording to Example 2.3.

* Crude product (iv-N) according to Example 2.3.

Crude product (i-G) according to Example 2.3.
Crude product (ii-G) according to Example 2.3.
Crude product (iii-G) according to Example 2.3.

Crude product (iv-G) according to Example 2.3.

Neupogen®.
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‘Figure S

Figure 5 shows an SDS page analysis of the HES—G-CSF conjugates, produced according
to Example 2.4, G-CSF from Strathmann Biotec AG, Hamburg, D. For gel electrophoresis
a XCell Sure Lock Mini Cell (Invitrogen GmbH, Karlsruhe, D) and a Consort E143 power
supply (CONSORTav, Tumbout, B) were employed. A 12% Bis-Tris gel together with a

. MOPS SDS running buffer at reducing conditions (both Invitrogen GmbH, Karlsruhe, D)

were used according to the manufactures instruction.

Lane A: Protein mquer‘ SeeBlue®Plus2 (Inviu'ogen GmbH, Karlsruhe, D). Molecular
weight marker from top to bottom: 188 kD, 98 kD, 62 kD, 49 kD, 38 kD, 28
" kD, 17kD, 14 kD, 6 kD, 3 kD. :

" LaneB: . Crude product (vi) according to Example 2.4.
- Lane C:  Crude product (v) according to Example 2.4.

LaneD:  G-CSF starting material.

Lane E:  Protein marker SeeBlue®Plus2 (Invitrogen GmbH, Karlsruhe, D). Molecular
.weight marker from top to bottom: 188 kD, 98 kD, 62 kD, 49 kD, 38 kD, 28
kD, 17 kD, 14 kD, 6 kD, 3 kD.

LancF:  Crude product (ix) according to Example 2.4.

‘LaneG:  Crude product (viii) according to Example 2.4. -

Lane H: Crude ptodhct (vii) according to Example 2.4.
Lanel:  G-CSF starting material.

Figure 6

Figure 6 shows an SDS page analysis of the HES—G-CSF conjugate, produced according
to Example 2.5, G-CSF from Strathmann Biotec AG, Hamburg, D. For gel eléctrophoresis‘
a XCell Sure Lock Mini Cell (Invitrogen GmbH, Karlsruhe, D) and a Consort E143 power

.supply (CONSORTnv, Turnhout, B) were employed. A 10% Bis-Tris gel together with a

MOPS SDS running buffer at reducing conditions (both Invitrogen GmbH, Karlsruhe, D)

were used according to the manufactures instruction. -
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Protein marker SeeBlue®Plus2 (Invitrogen GmbH, Karlsruhe, D). Molecular
weight marker from top to bottom: 188 kD, 98 kD 62 kD, 49 kD, 38 kD, 28
kD, 17kD, 14 kD, 6 kD, 3 kD. ‘

Crude product according to Example 2.5.

G-(.ZSF, starting material.

Figure 7 shows an SDS page analysis of ‘the HES—G-CSF conjugate, produced according
to Example 3, G-CSF is Neupogen@ or Granocyte®. For gel electrophoresis a XCell Sure

" Lock Mini Cell (Invm'ogen GmbH Karlsruhe, D) and a Consort El43 power supply

(CONSORTnv, Tumhout, B) were employed. A 12% Bis-Tris gel together with a MOPS
SDS running buffer at reducing conditions (both Invitrogen GmbH, Karlsruhe, D) were

used according to the manufactures instruction.

Lane A:;

Lane B:

LaneC:
LaneD: -

Lane E:
LaneF:
Lane G:

" Figure 8

Protein marker SeeBlue®Plus2 (Invitrogen GmbH, Karlsruhe, D). Molecular
weight marker from top to bottom: 188 kD, 98 kD, 62 kD, 49 kD, 38 kD, 28
kD, 17 kD, 14 kD, 6 kD, 3 kD

" Crude product (x) according to Example 3.

Crude product (xi) according to Example 3.
Crude product (xii) according to Example 3.
Crude product (xiii) according to Example 3.
Crude product (xiv) according to 'Example 3.
Crude product (xv) accordmg to Example 3.

Figure 8 shows the in vitro results of Example 6.

In the diagram, the x axis shows the concentration in pg/ml, the y axis refers to the number
of cells / 100,0(_)0.



10

15

20

25

30

.. Figure 10

~122-

In the diagram, the following abbreviations refer to

G-CSF/A32 G-CSF conjugate as prepared according to Example 2.5
G-CSF/A33 G-CSF starting material, used for the conjugate of Example 2.5
G-CSF/AS7 non-modified Neulasta®

G-CSF/A58 non-modified Neupogen®

G-CSF/A60  G-CSF conjugate as prepared according to Example 4.2

Figure 9

Figure 9 shows the HPGPC chromatogram with regard to the crude conjugation reaction
product according to Example 4.1. S )

The following parameters were used in the HPGPC analysis: =

Column: Superose 12 HR 10730 300 x 10 mm LD. (Pharmacia)

Fluent:  27.38 mM Na,HPQyq; 12.62 mM NaH,POy; 0.2 M NaCl; 0,005 % NaN;z in 11
of demineralized water V ’

Flwe:©  024mbh - '

‘Detector 1: MALLS detector

Detector 2: UV (280 nm)
Detector 3: RI (Refractive Index detector)

A represents the result from detector 1, B represents the result from dgtector 2.

S

Figure 10 shows the HPGI"C chromatogram with regard to the conjugation reaction
product according to Example 4.1 where the content of the mixture regarding reaction by-

‘products such as non-reacted oxo-HES and free N-hydroxysuccinimide as well as solvent

was downgraded using a 10 kD ultrafiltration membrane in a cooling centrifuge.-

The following parameters were used in the HPGPC analysis: .
Column: Superose 12 HR 10/30 300 x 10 mm L.D. (Pharmacia)
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Eluent:  27.38 mM Na,HPOy; 12.62 mM NaH,POy; 0.2 M NaCl; 0,005 % NaNsin 1 1
of demineralized water :

Flux: 0,24 ml/h

Detector 1: MALLS detector

Detector 2: UV (280 nm) -

" Detector 3: RI (Refractive Index detector) -

A represents the result from detector 1, B represents the result from detector 2.

Figure 11

. The following parameters were used in the HPGPC analysis: -

Column: Superose 12 HR 10/30 300 x 10 mm L.D. (Pharmacia)

Eluent:  27.38 mM Na;HPOu; 12.62 mM NaH,POy; 0.2 M NaCl; 0,005 % NaN3 in 1 1
of demineralized water ' -

Flux: - 0,24 ml/h

"Detector 1: MALLS detector
- Detector 2: UV (280 nm)

Detector 3: RI (Refractive Index detector)

- A represents the result from detector 1, B represents the result from detector 2.

Figure 12

The following parameters were used in the HPGPC analysis:

Column: Superose 12 HR 10/30 300 x 10 mm LD. (Pharmacia)

Eluent:  27.38 mM Na;HPOq; 12.62 mM NaH;POy; 0.2 M NaCl; 0,005 % NaN3 in 11
of demineralized water :

Flux: - 024mlh

" Detector 1: MALLS detector

Detector 2: UV (280 nm)
Detector 3: RI (Refractive index detéctor)
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A represents the result from detector 1, B represents the result from detector 2.

Figure 13

Figure 13 shows the SDS-PAGE analysis of the flow-through and the eluate of HES-
modified G-CSF (A32) after chromatography on DEAE-Sepharose CL-6B. 1.5% of the

- indicated fractions were desalted by ultrafiltration, dried in a SpeedVac and were applied

onto a 12.5% polyacrylamide gel.

Figure 14

" Figure 14"sh9ws a MALDI/TOF spectrum of the G-CSF starting material (sample A33)

Figure 15 : s _
Figure 15 shows a MALDI/TOF spectrum of HES-modified G-CSF (sample A32)

Figure 16
Figure 16 shows a MALDVTOF spectrum of HES-modified G-CSF (sample A60)
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Examples
Example1: Synthesis of aldehyde functionalized hydroxyethyl starch
Example 1.1(a): - Synthesis by ' periodate oxidation of ‘hydroxyetbyl - starch

selectively oxidized at its reducing end and incubation at 0 °C

100 mg of Oxo-HES10/0.4 (MW = 10 kD), DS = 0.4, prepared by Supramol Parenteral
Colloids GmbH, Rosbach-Rodheim, D; according to DE 196 28 705 A1, were dissolved in
5 ml 20 mM Sodium phosphate buffer, pH 7.2 and cooled to 0 °C. 21.4 mg sodium
perlodate (Fluka, Sigma-Aldrich Chelme GmbH, Taufkirchen, D) were dissolved in 5 ml
of the same buffer and cooled to 0°C. Both solutions were mixed and after incubation for
10 mm at 0°C 0.73 ml glycerol were added and the reaction mixture was mcubated at
21°C for 10 min. The reaction mixture was dialysed for 24 h against water (SnakeSkin
dialysis tubing, 3.5 kD cut off, Perbio Sciences Deutschland GmbH, Bonn, D) and

lyophilized.

Example 1.1(b) - Synthesis by periodate oxidation of hydroxyethyl starch
selectivély oxidized at its reducing end and incubation at 21 °C

100 mg of Oxo-HES10/0.4 (MW = 10 kD, DS = 0.4, prepared by Supramol Parenteral
Colloids GmbH, Rosbach-Rodheim, D; according to DE 196 28 705 Al) were dissolved in -
5 m.l 20 mM sodium phosphate buffer, pH 7.2. 21.4 mg sodium periodate (Fluka, Sigma-
Aldrich Chemje GmbH, Tauﬂcimhgn, D) were dissolved in 5 ml of the same buffer. Both
solutions were mixed and after incubation for 10 min at 21 °C 0.73 ml glycerol were added
and the reaction mixture was incubated at 21°C for 10 min. The reaction mixture was
dialysed for 24 h agamst water (SnakeSkin dialysis tubing, 3.5 kD cut 6ﬂ", Perbio Sciences
Deutschland GmbH, Bonn, D) and lyophilized. : :

Example 1.2(a): Synthesis of aldehyde functionalized hydroxyethyl starch by
periodate oxidation of hydroxyethyl starch with non-oxidized

reducing end and incubation at 0°C
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100 mg of HES10/0.4 (MW = 10 kD, DS = 0.4, Supramol Parenteral Colloids GmbH,
Rosbach-Rodheim, D) were dissolved in 5 ml 20 mM sodium phosphate buffer, pH 7.2 and
cooled to 0 °C. 214 mg sodium periodate (Fluka, Sigma-Aldrich Chemie GmbH,
Taufkirchen, D) were dissolved in 5 ml of the same buffer and cooled to 0°C. Both
solutions were mixed and after incubation for 10 min at 0°C 0.73 ml glycerol were added
and the reaction mixture was incubated at 21°C for 10 min. The reaction mixture was
dialysed for 24 h against water (SnakeSkin dialysis tubing, 3.5 kD cut off, Perbio Sciences
Deutschland GmbH, Bonn, D) and lyophilized.

Example 1.2(b): . Synthesis of aldehyde functionalized hydroxyethyl starch by
periodate oxidation of h);droxyethyl starch with non-oxidized

_reducing end and incubation at 21 °C

100 mg of HES10/0.4 (MW =10 kD, DS = 0.4, preparéd by Supramol Parenteral Colloids
GmbH, Rosbach-Redheim, D) were dissolved in 5 m] 20 mM sodium phosphate buffer, pH
7.2. 21.4 mg sodium periodate (Fluka, Sigma-Aldrich Chemie GmbH, Tautkirchen, D)
were dissolved in 5 ml of the same buffer. Both solutions were mixed and after incubation

for 10 min at 21 °C 0.73 ml glycerol were added and the reaction mixture was mcubated at

21 °C for 10 min. The reaction mixture was dialysed for 24 h against water (SnakeSkm

dialysis tubing, 3.5 kD cut off, Perbio Sciences Deutschland GmbH, Bonn, D) and

_ lyoplnhzed.

. Example 1.3:  Synthesis of aldéhyde functionalized hydroxyethyl starch from

amino functionalized hydroxyethyl starch and formylbenzoic acid

Ox0-HES10/0.4 (MW = 10 kD, DS = 0.4) was prepared by Supramol Parenteral Colloids
GmbH, Rosbach-Rodheim, D; accordmg to DE 196 28 705 Al.

5.1 g (0.51 mmol) of oxo-HES10/0.4 were dissolved in 15 ml anhydrous dimethyl

sulfoxide (DMSO, Fluka, Sigma-Aldrich’ Chemie 'GmbH, Taufkirchen, D)) and added

dropwise under nitrogen to a solution of 5.1 ml (51 mmol) 1,4-diaminobutane in 10 ml
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anhydrous dimethyl sulfoxide and stirred at 40 °C for 19 h. The reaction mixture was
added to a mixture of 80 ml ethanol and 80 ml acetone. The resulting precipitate was
separated by centrifugation, washed with a mixture of 20 ml ethanol and 20 ml acetone and

_ re-dissolved in 80 ml water. The solution was dialyzed for 4 days against water (SnakeSkin

dialysis tubing, 3.5 kD cut off, Perbio Science Deutschiand GmbH, Bonn, D) and
subsequently lyophilized. The yield was 67 % (3.4 g) amino-HES10/0.4.

150 mg 4-formylbenzoic acid and 230 mg l-hydroxy-lH—benzbtriazole (both Aldrich,
Sigma-Aldrich Chemie GmbH, Taufkirchen, D) were dissolved in 10 ml NN-
dimethylformamide (Peptide sjrnth:sis grade, Biosolve, Valkenswaard, NL) and 204 pl .

'N,N ’—diisomop;}lcarbodiimide were added. After incubation at 2] °C for 30 min, 1 g of the

amino-HES10/0.4 were added. After shaking for 19 h at 22 °C, the reaction mixture was
added to 84 mL of an ice~cold 1:1 mixture of acetone and ethanol (v/v). The precipitated
product was collected by centrifugation at 4 °C, re-dissolved in 50 m water, dialysed for 2
d against water (SnakeSl&n dialysis tubing, 3.5 kD cut off, Perbio Sciences Deutschland , .
GmbH, Bonn, D) and lyophilized.

Example 1.4:  Synthesis of aldehyde functionalized hydroxyethyl starch from
" hydroxyethyl starch and formylbenzoic acid

" Ox0-HES10/0.7 (MW = 10 kD, DS = 0. 7) was prepared by Supramol Parenteral Colloids
- GmbH, Rosbach-Rodheim, D; according to DE 196 28 705 Al.

83 mg of 4-formylbenzoic acid and 180 mg 1-hydroxy-1H-benzotriazole (both Aldrich,

Sigma-Aldrich Chemic GmbH, Taufkirchen, D) were ‘dissolved in 5 mL N,N-
dlmethylformamjde (DMF, Peptide synthes:s grade, Biosolve, Valkenswaard NL) and 78
pl N,N *-diisopropylcarbodiimide were added. After incubation at 21 °C for 30 min, 0.5 g
of oxo-HES10/0.7 were added. After shaking for 19 h at 22 °C, the reaction mixture was
added to 37.5 ml of an ice-cold 1:1 mixture 6f acetone and ethanol (v/v). The precipitated
product was collected by centrifugation at 4 °C, re-dissolved in a mixture of 2.5 ml water
and 2.5 ml DMF and precipitated again as described above. The reaction product was
collected by centrifugation as described, re-dissolved in 10 ml water, dialysed for 2 d
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against water (SnakeSkin dialysis tubing, 3.5 kD cut off, Perbio Sciences Deutschland
GmbH, Bonn, D) and lyophilized.

Example 1.5:  Synthesis of aldehyde functionalized byﬂroxyethyl starch from
hydroxyethy'l starch and formylbenzoic acid '

HES10/0. 7 MW = 10 kD, DS = 0. 7) was prepared by Supramol Parenteral Colloids
GmbH, Rosbach-Rodheim, D.

50 mg 4-formylbenzoic acid and 108 mg 1-hydroxy-1H-benzotriazole (both Aldrich,
Sigma-Aldrich Chemie GmbH, Taufkirchen, D) were dissolved in 3 ml N)N-
dimetﬁylformamide (Peptide synthesis grade, ﬁiosolve, Valkenswaard, NL) and 47 pul
N,N’-diisopropylcarbodiimide were added. After incubaﬁbn at 21 °C for 30 min, 0.3 g of
HES10/0.7 were added. After shaking for 19 h at 22 °C, the reaction mixture was added to
23 ml of an ice-cold 1:1 mixture of acetone and ethanol (v/v). The precipitated product was
collected by centrifugation at 4 °C, re-dissolved in a mixture of 1.5 ml water and 1.5 ml
DMF and precipitated again as described abdvq. The reaction product was collected by
centrifugatioﬁas described, re-dissolved in 10 ml water, dialysed for 2 d against water
(SnakeSkm dialysis tubing, 3.5 kD cut off, Perblo Sciences Deutschland GmbH, Born, D)

and lyophilized.

Examp]e.l.G: Synthesis of aldéhyde functionalized hydroxyethyl starch from
' amino functnonahzed hydroxyethyl starch and formylbenzoxc acid

pentaﬂuorophenyl ester

Ox0-HES10/0.7 (MW = 10 kD, DS = 0.7) was prepared by Supramol Parenteral Colloids

GmbH, Rosbach-Rodheim, D; according to DE 196 28 705 Al.

6.0 g (0.6 mmol) of oxo-HES10/0.7 were dissolved in 20 ml anhydrous dimethyl sulfoxlde
(DMSO, Fluka, Sigma-Aldrich Chemie GmbH, Taufkirchen, D)) and added dropwwe
under mtrogen to a solution of 6 ml (60 mmol) 1,4-diaminobutane in 11 ml anhydrous

‘dimethyl sulfoxide and stirred at 40 °C for 19 h. The reaction mixture was added to a
mixture of 80 ml ethanol and 80 ml acetone. The resulting -precipitate was separated by -- - -

35 mixture of 8
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centriﬁ:gation, washed with a mixture of 20 ml ethanol and 20 ml acetone and re-dissolved
in 80 ml! water. The solution was dialyzed for 4 days against water (SnakeSkin dialysis
tubing, 3.5 kD cut off, Perbio Sc1ence Deutschland GmbH, Bonn, D) and subsequently
lyophilized. The yle]d was 52 % (3. 15 g) amino-HES10/0.7.

4-formylbenzoic acid pentafluorophenyl ester was synthesized as described in J. S.

' Lindsey at al., Tetrahedron 50 (1994) Pp- 8941-68, especially p. 8956. 50 mg of amino-

HES10/0.7 were dissolved in 0.5 ml N,N-dimethylformamide (Peptide synthesis grade,
Biosolve, Valkenswaard, NL) and 15.3 mg 4-formylbenzoic acid pentafluorophenylester
were added. After shaking for 22 h at 22 °C, the reaction mixture was added to 3.5 ml of
ice-cold 2-propanol. The precipitated product was ‘collected by centrifugation at 4 °C,
washed with 4 ml ice-cold 2-propanol, re-dissolved in 50 il water, dialysed for 2 d against
water (SnakeSkin diaiysis tubing, 3.5 kD cut off, Perbio Sciences Deutschland GmbH,
Bonn, D) and lyophilized.

Example 1.7: SyntheSis of aldehyde functionalized hydroxyethyl starch from
hydroxyethyl starch-and formylbenzoic acid pentafluorophenyl ester

Oxo-HES10/0.7 (MW = 10 kD, DS = 0. 7) was prepared by Supramol Parenteral Colloids
GmbH, Rosbach Rodhelm, D; accordmg to DE 196 28-705 Al.

4-formylbenzoic acid pentaﬂudiophenyl ester was synm;sized as described in J. S.

Lindsey at al., Tetrahedron 50 (1994) pp. 8941-68, especially p. 8956. 200 mg oxo-
HES10/0.7 were dissolved in 2 ml N,N-dimethylformamide (Peptide synthesis grade,
Biosolve, Valkenswaard, NL) and 61.2 mg 4-formylbenzmc acid pentaﬂuorophenyl ester
were added. After shaking for 22 h at 22 °C, the reaction mixture was added to 15 mL of
ice~cold 1:1 mixture of acetone and ethanol (v/v). The precipitated product was collected
by centriﬁlgation at 4 °C, re-dissolved in a mixture of 1.4 ml water and 0.7 m! DMF and
precipitated again as described above. The reaction product was collected by centrifugation
as described, re-dissolved in 10 ml water, dialysed for 2 d against water (SnakeSkin
dialysis tubing, 3.5 kD cut off, Perbio Sciences Deutschland GmbH, Bonn, D) and

lyophilized.
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Example 1.8:  Synthesis of aldebyde functionalized hydroxyethyl stﬁrch from
amino functionalized hydroxyethyl starch and 4-(4-formyl-3,5-
dimethoxyphenoxy)butyric acid

' Oxo-HES10/0.4 (MW = 10 kD, DS = 0.4) was prepared by Supramol Parenteral Colloids

GmbH, Rosbach-Rodheim, D; according to DE 196 28 705 Al

5.1 g (0.51 mmol) of oxo-HES10/0.4 were dissolved in 15 ml anhydrous dimethyl

- sulfoxide (DMSO, Fluka, Sigma-Aldrich Chemie GmbH, Taufkirchen, D)) and added

dropvwse under nitrogen to a solution of 5.1 ml (51 mmol) 1,4-diaminobutane in 10 ml
anhydrous dimethy] sulfoxide and stirred"at 40 °C for 19 h. The reaction mixture wasi
added to a mixture of 80 ml ethanol and 80 ml acetone. The resulting precipitate was
separated by centrifugation, washed with a mixture of 20 m! ethanol and 20 ml acetone and
re-dissolved in 80 ml water. The solution was dialyzed for 4 days against water (SnakeSkin
dialyéis tubing, 3.5 kD cut off, Perbio Science Deutschland GmbH, Bonn, D) and
subsequently Iyophilized. The yield was 67 % (3.4 g) amino-HES10/0.4.

80.5 mg 4-(4-formyl-3, S-dimethoxyphenoxy)butyric acid (Calbiochem-Novabiochem,
Laufelfingen, CH) and 61 mg 1-hydroxy-1 H—benzotnazole (Aldrich, Sigma-Aldrich
Chemie GmbH, Taufkirchen, D) were dissolved in 3 il N.N-dimethylformamide (Peptide
synthesis grade, Biosolve, Valkenswaard, NL) and 45.4 ul NN *-diisopropylcarbodiimide -
were added. After incubation at 21 °C for 30 min, 0.3 g of amino-HES10/0.4 were added.
After shaki.ng for 22 h at 22 °C, the reaction mixture was added to 23 ml of icg-cold 1:1
mixture of acetone and ethanol (v/v). The precipitated product was' collected by
centrifugation at 4 °C, re-dissolved in a mixture of 2 ml water and 1 ml DMF and
precipitated again as described above. The reaction product was collected by centrifugation
as dc§cribed, re-dissolved in 10 ml water, dialysed for 1 d against water (SnakeSkin
dialysis tubing, 3.5 kD cut off, Perbio Sciences Deutschland GmbH, Bonn, D) and

lyophilized.
Example 2: Synthesis of G-CSF conjugates by reductive amination -
Example 2.1(a): Synthesis of G-CSF-conjugates by reductive amination with

hydroxyethy] starch with non-oxidized reducing end at pH=74 . ..
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(Comparative Example)

In Example 2.1, it was tried 10 use the synthesis method of WO 03/074087 (example 12,
page 22 - 23) for the production of a HES-G-CSF conjugate.

To 3.33 ul of an aqueous solution of G-CSF (Neupogen® from Amgen, Miinchen, D, or
Granocyte® from Aventis Pharma AG, Ziirich, CH, respectively, 3 mg/ml) in 0.1 M
sodium phosphate buffer with pH 7.4, 3.33 pl of a solution of HES10/0.4 (MW = 10 kD,
DS =04, Suj:rambl Parenteral Colloids GmbH, Rosbach-Rodheim, D, 79 mg/ml) in the
same buffer were added. To this mixture, 3:33 pl of a 60 mM solution of sodium
cyanoborohydride in the same buffer was added, and the resulting mixture was incubated
for 4 h at 22 °C, Sixf:_sequenﬂy, another 3.33 pl of the freshly prepared 60 ‘mM sodium

" cyanoborohydride _;olution were added. During the incubation time of 30 h, altogether 5

portions of 3.33 ul of a freshly prepared 60 mM sodium cyanoborohydride solution were:
added. The reaction mixture was analysed by gel _electrophoresis. No reaction was
observed.

Example 2.1(b): " Synthesis - of G-CSF-conjugates by reductive amination with
hydroxyethyl starch with non—oxidfzed reducing end at a pH of from
5.0t092 ~ .
(Co'mparative Eiample)

To 333 L of an aqueous solution of G-CSF (G-CSF from Strathmarin Biotec AG,
Hamburg, D, 3 mg/mL) in a given buffer, 3.33 pl of a HES solution (300 mg/ml) in the

* same buffer were added. The mixture was cooled to 4 °C, and 3.33 pl of a 60 mM solution

of sodium cyanoborohydride in the same buffer at 4 °C were added, and the resulting
mixture was incubated for 20 h at 4 °C.

The following HES preparations and buffer were employed:

a) Buffer: 0.1 M sodium acetate buffer pH 5.0

- HES10/0.4 (MW = 10 kD, DS = 0.4, Supramol Parenteral Colloids GmbH, Rosbach-

Rodheim, D)
- HES10/0.7 (MW =10 kD, DS = 0.7, Supramol Parenteral Colloids GmbH, Rosbach-

Rodheim, D)
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- HES50/0.4 (MW = 50 kD, DS = 0.4, Supramol Parenteral Colloids GmbH, Rosbach-
Rodheim, D)

- HES50/0.7 (MW = 50 kD, DS = 0.7, Supramol Parenteral Colloids GmbH, Rosbach-
Rodhe';m, D) .

b) Buffer: 0.1 M sodium phosphate buffer pH 7.2

- HES10/0.7 (MW = 10 kD, DS = 0.7, Supramol Parenteral Colloids GmbH, Rosbach-
Rodheim, D) ' '

¢) Buffer: 0.1 M sodium borate buffer pH 8.3

- HES10/0.7 (MW =10 kD, DS = 0.7, Supramol Parenteral Colloids GmbH, Rosbach-
Rodheim, D)

d) Blrffer 0.2 M potassium borate buffer pH 92

- HES10/0.7 (MW-= 10 kD, DS = 0.7, Supramol Parenteral Colloids GmbH, Rosbach-
Rodheim, D)

Each reaction mixture was analysed by gel electrophofesis. No or negligible conjugation

was observed (gel scans for reactions b) to d) not shown).

Example 22: Synthesis of G-CSF-conjugates by reductive amipation with

hydroxyethyl starch with oxidized reducing end at a pH of 5.0 from
92
' (Comparative Example)

To 3.33 pL of an aqueous solution of G-CSF (G-CSF from Strathmann Biotec AG,
Hamburg, D, 3 mg/ml) in a given buffer, 3.33 pl of a solution of oxo-HES (300 mg/ml) in
the same buffer were added. The mixture was cooled to 4 °C, and 3.33 ul of a 60 mM
solution of sodium cyanoborohydride in.tl_xe same buffer at 4 °C were added, and the.

" mixture was incubated for 17 h'at 4 °C.

The following HES preparations and buffer were employed:

a) Buffer: 0.1 M sodium acetate buffer pH 5.0

- oxo-HES10/0.7 (MW = 10 kD, DS = 0.7, Supramol Parenteral Colloids GmbH,
Rosbach-Rodheim, D)

- oxo-HESS50/0.4 (MW = 50 kD, DS = 0.4, Supramol Pa;enteral Colloids GmbH,
Rosbach-Rodheim, D)
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- oxo-HES50/0.7 (MW = 50 kD, DS = 0.7, Supramol Parenteral Colloids GmblH,
Rosbach-Rodheim, D) | -

b) Buffer: 0.1 M sodium phosphate buffer pH 7.2

- HES10/0.7 (MW = 10 kD, DS = 0.7, Supramol Parenteral Colloids GmbH, Rosbach-
Rodheim, D)

c) Buffer: 0.1 M sodium borate buffer pH 8.3

- HES10/0.7 (MW = 10 kD, DS = 0.7, Supramol Parenteral Colloids GmbH, Rosbach-

" Rodheim, D) - '

- d) Buffer: 0.2 M potassium borate buffer pH 9.2
10

- HES10/0.7 (MW = 10 kD, DS = 0.7, Supramol Parenteral Colloids GmbH, Rosbach-
Rodheim, D)
Each fe’actidn mixture was analysed by gel electrophoresis. No or negligible conjugation -

was observed (gel scans for reactions b) to d) not shown).

Oxidation of HES10/0.4 (MW = 10 kD, DS = 0.4) was carried out by Supramol Parenteral
Colloids GmbH, Rosbach-Rodheim, D; according to DE 196 28 705 Al.

Example 2.3: Synthesis of G-CSF-conjugates by reductive amination with aldehyde
functionalized hydroxyethyl starch synthesized . by periodaté

oxidation

To 3.33 pl of an aqueous solution of G-CSF (Granocyte® from Aventis Pharma AG,
Ziirich, CH, and Neupogen® from Amgen, Miinchen, D, respectively, 3 mg/mL) in 0.1 M
sodium acetate buffer pH 5.0, 3.33 ul of a solution of an aldehydo-HES (79 mg/mL) in the ‘

.same buffer were added. To the mixture 3.33 pL of a2 60 mM solution of sodium

cyanoborohydride in the same buffer were added and the mixture was incubated for 25hat
21°C. The reaction mixture was analysed by gel electrophoresis.

The foliowing aldehyde functionalized HES conjugates were employed:

(-N)  prepared with Neupogen® according to Example 1.1(a) hereinabove;
(ii-N)  prepared with Neupogen® according to Example 1.1(b) hereinabove;
(iii-N) prepared with Neupogen® according to Example 1.2(a) hereinabove;
(iv-N) prepared with Neupogen® according to Example 1.2(b) hereinabove;
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i-G) prépared' with Granocyte® according to Example 1.1(a) hereinabove;
(11-G) prepared with Granocyte® accordihg to Example 1.1(b) hereinabove;
(iii-G) prepared with Granocyte® according to Example 1.2(a) hereinabove;
(iv-G) prepared with Gmnocyte® acéording to Example 1.2(b) hereinabove.

Example 2.4: Synthesis of G-CSF-conjugates by reductive amination with aldehyde
functionalized hydroxyethyl starch synthesized by conjugation of
hydroxyethyl starch to a formyl-carboxylic acid

To 3.33 pl of an aqueous solution of G-CSF (G-CSF from Stiathmann Biotec AG,
Hamburg, D, 3 mg/ml) in 0.1 M sodium acetate buffer pH 5.0, 3.33 pl of a solution of an
'aldehydo-HES (118.5 mg/mL) in the same buffer were added and cc;oled to 4 °C. To the
‘mixture 3.33 .pl of a 60 mM solution of sodium cyanoborohydride in the same buffer at 4

" °C were added and the mixture was incubated for 17 h at 4 °C. The reaction nnxture was

analysed by gel electrophoresis.

The following aldehyde functionalized HES conjugates were employed:
w) prepéred according to Example 1.4 hereinabove; -

(vi) prepared according to Example 1.5 hereinabove;

(vii) pfepared according to Example 1.6 hereinabove;

(viii) prepared accordiélg to Example 1.7 hereinabove;

(ix) prepared according to Example 1.8 hereinabove.

Example 2.5: . Synth&sis .of G-CSF-conjugates by reductive amination with aldehyde
functionalized hydroxyethyl starch synthesized by conjugation of
hydroxyethyl starch to formyl-carboxylic acid

To 2.5 ml of an aqueous solution of G-CSF (G-CSF from Strathmann Biotec AG,
Hamburg, D, 2.27 mg/ml) in 0.1 M sodium acetate buffer pH 5.0, 136 mg aldehydo-
HES10/0.4, prepared as described in Example 1.3 hereinabove, were added, and the
solution was cooled to 0 °C. To the mixture 2.5 ml of an ice-cold 40 mM solution of
sodium cyanoborohydride in the same buffer were added and the mixture was incubated
for 17 h at 4 °C. The reaction mixture was analyséd by gel electropho;esis. .
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Example 3: Synthesis of G-CSF conjugates by SH alkylation

Oxo-HES10/0.7 (MW = 10 kD, DS = 0.7) was prepared by Supramol Parenteral Colloids
GmbH, Rosbach-Rodheim, D; according to DE 196 28 705 Al. '

6.0 g (0.6 mmol) of oxo-HES10/0.7 were dissolved in 20 ml anhydrous dimethyl sulfoxide
(DMSO, Fluka, Sigrna-Aldﬁch Chemie GmbH, Taufkirchen, D)) and added dropwise
under nitrogen to a solution of 6 ml (60 mmol) 1,4-diaminobutane in 11 ml anhydrous
dimethyl sulfoxide and stirred at 40 °C for 19 h. The reaction mixture was added to a
mixture of 80 ml ethanol and 80 ml acetone. The resulting precipitate was separated by
centrifugation, washed with a mixture of 20 ml ethanol and 20 ml acetone and re-dissolvéd
in 80 ml water. The solution was dialyzed for 4 days against water (SnakeSkin dialysis
tubing, 3.5 kD cﬁt off, Perbio Science Deutschland GmbH, Bonn, D) and subsequently
lyophilized. The yield was 52 % (3.15 g) amino-HES10/0.7. . : :

To 132 pg amino-HES10/0.7, dissolved in 100 pl sodium phosphate buffer (0.1 M, 0.15 M |
NaCl, 50 mM EDTA, pH 7.2), 10 pl of a solution of 175 mg/ml N-
alpha(n;aleimjdoacetoxi)succininﬁde ester (AMAS) in dry DMSO (both Fluka, Sigma-
Aldrich Chemie GmbH, Taufkirchen, D) were added, and the clear solution was incubated

for 80 min at 25 °C and subsequently for 20 min at 40 °C.' The excess of AMAS was

removed by centrifugal filtration with a VIVASPIN 0.5 ml concentrator, SKD MWCO.
(VIVASCIENCE, Hannover, D) at 13,000 rpm, washed 2 times for 30 min with 450 pl of
the phosphate buffer and once with 450 pl of a buffer B. To the residual solution, 10 png G-
CSF (Neupogen® from Amgen, Miinchen, D, and Granocyte® from Aventis Pharma AG,
Ziirich, CH, respectively, 3 pg/pl m phosphate buffer) were added, and the mixture was
incubated for 16h at 25 °C. The redction mixture was analysed by gel electrophoresis after

concentration in vacuo.

The following methods were chosen:
(x) G-CSF (Granocyte®) employing sodium phosphate buffer (0.1 M, 0.15 M NaCl, 50
mM EDTA, pH 72) as buffer B. :
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(xi) G-CSF (Neupogen®) employing sodium phosphate buffer (0.1 M, 0.15 M NaCl, 50
mM EDTA, pH 7.2) as buffer B,

(xii) G-CSF (Granocyte®) employing a 1 : 1 (v/v) mixture of sodium phosphate buffer
(0.1 M, 0.15 M NaCl, 50 mM EDTA, pH 7.2) and 8 M urea, 1 % SDS, pH 7.4 as
buffer B.

(xiii) G-CSF (Neupogen®) employing a 1 : 1 (v/v) mixture of sodium phosphate buffer -
(0.1 M, 0.15 M NaCl, 50 mM EDTA, pH 7.2) and 8 M urea, 1 % SDS, pH 7.4 as
buffer B. C . A A

(xiv) G-CSF (Granocyte®) employing 8 M urea, 1 % SDS, pH 7.4 as buffer B.

(xv) G-CSF (Neupogen®) employing 8 M urea, 1 % SDS, pH 7.4 as buffer B.

Example 4: Synthesis of G-CSF conjugates by reaction of hydroxyethyl

starch having a reactive ester group with G-CSF

Example 4.1:

Oxo0-HES10/0.4 (MW = 10,559 D, DS = 0.4) was prepared by Supramol Parenteral
Colloids GmbH, Rosbach-Rodheim, D; according to DE 196 28 705 Al. The degree of
oxidation of oxo-HES was 95 %

66 mg of oxo-HES10/0.4 were dissolved in 0.5 ml anhydrous DMF. To-this solution, 3.4

mg of N,N'-disuccinimidyl carbonate were'added, and the mixture was stirred for 2 h at

room temperature. The resulting solution had a reactive HES concentration of 13 percent -

by weight.

A solution of G-CSF (Strathmann Biotec AG, Hamburg, D), having a concentration of

about .0.5 mg G-CSF/ml, 'was concentrated to a concentration of 10 mg/&ﬂ ‘by
ultracentrifugation at a cut-off of 10 kD using a cooling centrifuge.

To 0.5 ml of this concentrated G-CSF solution, 180 pl of a sodium bicarbonate solution °
were added. Subsequently, 3 portions (100 pl each) of the reactive HES solution were
added dropwise to the protein solution, until, after about 30 min., the reaction had come to
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an end. Thus, the overall molar ratio of reactive HES : G-CSF was 20 : 1. Then, the pH of
the mixture was adjusted to 4.0 using 0.1 N HCI.

- AHPGPC analy51s (High-Performance Ge] Permeation Chromatography) gave a yield of

about 70 %. This result is shown in Fig. 9.

The mixture could be stored at 4 °C at a pH of 4.0 for 4 d and, according to HPGPC
analyses, remamed stable, i.e. unchanged.

Downgrading the content of the mixture regarding reaction by-products such as non-

. reacted oxo-HES and free N-hydroxysuccinimide as well as solvent using a 10 kD

ultrafiltration membrane in a cooling centrifuge was possible without difficulties.. The

. results of this downgrading experiment is shown in Fig. 10.

Example 4.2:

'on-I-IESIOIO-4 MW = 10,559 D, DS = 04) was preparéd by Supramol . Parenteral

Colloids GmbH, Rosbach-Rodheim, D; accdrding to DE 196 28 705 Al. The degree of
oxidation of oxo-HES was 95 %

400 -mg of oxo-HES10/0.4 were dissolved in 1 ml anhydrous DMF. To tbls solution, 21 mg
of N,N‘-dlsuccmmudyl carbonate were added, and the mixture was stirred for 2 b at room
temperature The. resulting solutxon had a reactive HES concentratlon of 40 percent by

weight.

" A solution of G~CSF (Strathmann Biotec AG, Hamburg, D), having a concentration of

about 0.5 mg G-CSF/ml, was concentrated to a concentration of 10 mg/ml by
ultracentrifugation at a cut-off of 10 kD using a cooling centrifuge.

'To 0.5 ml of this concentrated G-CSF solution; 180 pl. of a sodium bicarbonate solution

were added. Subsequently, 3 portions (100 ul each) of the reactive HES solution were

. added dropwise to the protein solution, until, after about 30 min., the reaction had come to
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an end. Thus, the overall molar ratio of reactive HES : G-CSF was about 50 : 1. Then, the
PH of the mixture was adjusted to 4.0 using 0.1 N HCL.

A HPGPC analysis (High-Performance Gel Permeation Chroxhatogmphy) gave a yield of
more than 95 %. No non-reacted G-CSF could be detected. This result is shown in Fig. 11.

The mixture was purified using ultrafiltration technology without difficulties. The results -

of thes downgrading is shown in Fig. 12.

Example 5§

5.1. Purification’

. Purified G-CSF having essentially the same characteristics as the commercial product

Neupogen ® (Amgen) was obtained and one aliqhot was kept unmodified as a control.

5.2 Synthesis of conjugates of HES and G-CSF

Conjugates were synthesized essentially as described in Example 4.2, but with Oxo-
HES50/0.7 (sample code A60), or as described in Example 2.5 (sample code A32), and
used for further buffer exchange and purification. v

5.3 Buffer exchange of G-CSF and HES-modified G-CSF samples before purification
by anfon-exchange chromatography

HES-modified G-CSF samples or unmodified G-CSF (as a control) (0.5 — 5 mg protein ).

were subjected to buffer exbhange using Vivaspin 6 Concentrator umts ( 10.000 MWCO

PES, Vivascience, Cat. Nr. VS0602). Samples were concentrated to 0.5-0.7 ml and were

dilutgd to 5 mi with 10 mM Na-phosphate buffer pH 7.2. Each sample was subjected 3'

times to this concentration/buffer exchange cycle. |

5.4 Anion exchange chromatography of G-CSF and HES-modified forms thereof on a

DEAE-Sepharose column
G-CSF samples after HES-modification and, for comparison, samples of unmodified G-

" CSF were purified and analyzed by anion exchange chromatography at room temperaﬁ;re

by using an AKTA explorer 10 system as described. Aliquots of G-CSF either before or
after HESylation were dialyzed by ultrafiltration against said buffer A (10 mM Na-
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phosphate, pH 7.2) or were diluted with about 13 volumes of buffer A. The column
containing 2 ml DEAE-Sepharose (DEAE-Sepharose CL-6B, Pharmacia Kat. Nr. 17-0710-
01) was regenerated by applying 5.0 column volumes (CV) of 6.5 M guamdme/HCl 5.0
CV buffer A, 5.0 CV of buffer C (1.5 M NaCl in 10 mM Na-phosphate, pH 7.2) and then
10 CV of buffer A. The samples (0.8 — 4.5 m! in 10 mM Na-phosphate buffer pH 7.2)
were then injected by using a flow rate of 0.6 mlUmin. Following washing of the sample
loop with 10 m! (2 ml sample loop) or 20 ml (5 m! sample loop) buffer A, depending on
the sample applied, the column was fﬁrther washed with 0-22 CV of buffer A (flow rate =
0.8 mi/min). Elutioﬁ ‘was performed by applying a linear gradient from 0-100% buffer B.
over 5 CV and an isocratic run with 2.5 CV of 100% buffer B using a flow rate of 0.6
mVmin. The column was réequilibrated with 5 CV of buffer A and was regenerated as
detailed above by using a flow rate of 1 ml/min.

If required, samples were concentrated using a Vivaspin concentrator and buffer exchange
was performed as described above. Samples were stored at 0-8°C in 10 mM Na-Acetat

 buffer PH 4.0 before or after sterile filtration using a 0.2 pm filtrations unit, Corming, Cat.

No. 431215). The following samples were prepared for in-vitro bioassays and for further
analytical analysxs Protein concentration was determined as described in section 6.1

below:

i 0401-15/A33 0.44 mg/ml, volume = 500 pul
' G-CSF (E.coli)

IL  0402-03/A60, 0.35 mg/ml, volume =600 pl
H-G-CSF (G-CSF HES modified, 10/0.4)

9 1 | A 0401-13IA32 0.28 mg/ml, volume = 900 pl
' ~ G-CSF (E-.coli) HES modified, 10/0.4

" IV.  0401-28/A58, 0.60 mg/ml, volume =350 pl
Neupogen

V. 0401-28/A57, 0.50 mg/ml, volume =400 ul
Neulasta

6. Further analysis of G-CSF samples
Aliquots of the samples were analyzed for their protein content and for modifications.

6.1 G-CSF protein quantitation by RP-HPLC
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-G-CSF protein content of the samples was quantitated using the unmodified protein

preparation (concentration : 0.453 mg/ml) as a standard.

A Dionex HPLC system consisting of a pump P 680 A HPG, degassing unit Degasys DG
1210, an autosampler and injector ASI—]OO, a sample loop 250 pl, a thermostatted column
department TCC 100 along with a UV/Vis-Detektor UVD170U equipped with a Software
Chromeleon Chromatography Management System was used. A precolumn CC 8/4
Nucleosil 120-5 C4, Macherey-Nagel, Cat. No. 721889, and a separation column 40 C-4
Nucleosil MPN, 5 pm, 125 x 4 mm RP-column (Macherey-Nagel, ordering No.7200
45.40) were used. Solvent A was H,0 plus 0,06 % (v/v) trifluoroacetic acid and solvent B
was 90 % acetonitrile inH>O, containing 0,06 % (.v/\})u-iﬂuoroacetic acid; flow rate was : 1
ml/min. UV detection was at 214 ,221, 260 and at 280 nm wavelength.

Samples of approxunately 10 — 20 pg were mjected into a RP-HPLC column. The

following gradient was used:

0-Smin: 0-10%B
~ 17min: 10-45%B
- 35min: 45-80% B
- 36min: 80-100% B
- 38min: 100%B
- 39min: 10%B
~ 45min: 10%B

- The resulting peak area at the elution position of the standard G-CSF preparation was used
" and compared to the reference standard by comparing the peak appearing at around 29min

at 280 nm wavelength.

6.2 Reduction + carboxamidemethylation of G-CSF protein )

Aliéuots from the G-CSF protein samples were reduced and carboxamidomethylated as
d&scribed _elsewhere  (Guillermina Forno, Mariela Bollati Fogolin, Marcos Oggero,
Ricardo Kratje, Marina Eicheverrigaray, Harald S. Conradt, Manfred Nimtz (2004) N- and

. O-linked ‘carbohydrates and glycosylation site occupancy in recombinant human

granulocyte-macrophage colony-stimulating factor secreted by a Chinese hamster ovary
cell line; European J. Biochem, 273(5), 907-919).. Carboxamidomethylation leads to
modified cystein residues. Endoproteinase Glu-C digestion of the carboxamidomethylated
protein was performed in 25 mM NH;HCO; containing 1 M urea at pH 7,8 and using an

enzyme /substrate ratio of 0.2:10 for 18 —24 hours.
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6.3 Separation of Endo-Glu-C pepﬁdes by RP-HPLC

The peptides generated by the Endo-Glu-C digestion were separated on a Dionex HPLC
system comnsisting of a pump P 680 A HPG, degassing unit Degasys DG 1210, an
autosampler and injector ASI-1 00; a sample loop 250 pl, a ‘thermostatted column
department TCC 100 along with a UV/Vis-Detektor UVD170U equipped with a Software
Chromeleon Chromatography Management System was used. A precolumn CC 8/4
Nucleosil 120-5 C4, Macherey-Nagel, Cat. No. 721889, and a separation column 40 C4
Nucleosil MPN, 5 um, 125 x 4 mm RP-column (Macherey-Nagel, ordeﬁng No.7200
45.40) were used. Solvent A was H,O plus 0,06 % (v/v) trifluoroacetic acid and solvent B
was 90 % acetonitrile inH,O, containing 0,06 % (v/v)tnﬂuoroacetxc acid; flow rate was : 1
ml/min. The followmg gradient was apphed :

0—5min: 10%B
~ 17min:* 45%B
- 65min: 100%B
- 67min: 100% B
- 69min: 10%B
- 75min: 10%B

UV detection was at 214 221, 260 and at 280 nm wavelength. Peptides genefated by the
Endo-Glu-C digestion were separated (data not shown). '

6.4 Analysis of brofeolytic peptides by Matrix-Assisted Laser Desorption/Ionization
Tlme-of-thht Mass Spectrometry (MALDI/]‘OFII‘ OF-MS)

Mass spectrometry was used to detect the intact N-terminus. of G-CSF’s in the different

samples prepared Samples (3 — 5 pg) resulting from Endoproteinase Glu-C digestions of
reduced and carboxamldomethylated protein samples were used directly for MS-analysis
(without the RP-HPLC of step 6.3) and purified using ZipTip pipette ‘tlps containing
C18 reversed-phase material according to the manufacturer’s instructions. After washing
with 0.1%(v/v) formic acid, elution of peptides was performed with 10 pl 0.1% (v/v)

formic acid in 60% (v/v) acetonitrile.

Proteolytic (Endo-Glu-C ) peptide fragments were analyzed with a Bruker ULTRAFLEX
time-of-ﬂight (TOF/TOF) instrument in-the linear positive ien mode using- a matrix of
22.4 mg 3,5-dimethoxy-4-hydroxy-cinnamic acid in 400 pl acetonitrile and 600 pl 0.1%
(v/v) trifluoroacetic acid in H20; (glyco)-peptides were measured using a matrix of 19 mg
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@-cyano-4-hydroxycinnamic acid in the same solvent mixture using the reflectron for
enhanced resolution. Sample solutions of 1 pl and an approximate concentration of 1-10
pmol-pl”! were mixed with equal amounts of the respective matrix. This mixture was
spotted onto a stainless steel target and dried at room temperature before analysis. Spectra
were recorded in the mass range 900 — 5000 dalton. The following Table correlates the

expected masses with the respective G-CSF peptides.

Table: Theoretical (monoisotopic] masses of Endo-Glu-C peptides resulting from XM02

Observed _
x)a:Iston) ;1:“ t:;s : :ﬁsition artif. modification(s) peptide sequence
' Cys_CAM:

oo R posl8 ; _
n2u{ | 120 (P 189,13 MTPLGPASSLPQSFLLKCLE
1512.81] + 21-34 — QVRKIQGDGAALQE

Cys_CAM: ' A '
pos 37,43
1534.74) | 3547 | s KLCATYKLCHPEE
|prs oA LVLLGHSLGIPWAPLSSCPS
4942.63| 4894 | 8T QALQLAGCLSQLHSGLFLYQ
0. GLLQALE
502.25 - 95-99 — GISPE
~ LGPTLDTLQLDVADFA’ITIW
283537 - 100-124 —_ OQMEE
] . LGMAPALQPTQGAMPAFASA |
4026.08f - + | 125163 FQRRAGGVLVASHLQSFLE
1438.83] + 164-175 — VSYRVLRHLAQP

MALDVTOF spectrum of the non modified G-CSF. )
The N-terminal Endo-Glu-C peptide (MTPLGPASSLPQSFLLKCLE; m/z 2189.1) com-.
prising position 1-20 of the protein was detected in MALDI/TOF-MS spectra of samples
after proteolytic treatment of G-CSF with endoproteinase Glu-C as described above.

7. Results

. Cystein residues were carboxamidomethylated; peptxdes marked as fat were detected in
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7.1.  Purification of G-CSF and HES modified variants
A32, A60 and non modified -G-CSF were subjected to punﬁcat.non using a DEAE-
Sepharose CL-6B column as described under A4,

- In the case of the unmodified sample 0401-15/A33, no significant absorption at 280 nm

was detected in the flow-through and the protein eluted at a concentration of 40-50%
buffer B (0. 16-0.20 M NaCl) in a volume of 6 ml, with a specific peak area of 660 mAU x

ml x mg” Y at 280 nm.

"~ The sample 0401-14/A32 (derived from 0401- 15/A33 HESylatlon with AldehydoHES

10/0.4) eluted over a large range of the gradient at a concentration of buffer B from 20-

' 80% (0.08-0.32 M NaCl) i In a volume of 12 ml. About 90% of the total peak area detected

at 280 nm was found in the flow-through, containing about 50% of the total protein with an
apparently shghtly higher molecular mass when compared to the eluted protein, as detected
by SDS-PAGE analysis as shown in Figure 13 above.

The sample 0402-03/A60 (HESylated with HES 10/0.4, following the overall procedure of
Example 4.2) eluted in a volume of 10.5 ml at a similar concentration of 20-80% buffer B.
In this-case, about 35% of the total peak area detected at 280 nm was found in the flow-
through, -however, by SDS-PAGE énalysis, no unbound protein was detected in this
fraction. When compared to the specific peak area of sample 0401-15/A33, the protein
content in the eluate of the sample 0402-03/A60 was 45% higher than the stated protein

amount that was applied to the column.

Recovery of proteins was calculated based on the peak area (A280 nm) of the eluting
fractions compared to the non modified G-CSF protein. |

Table 1: Comparison_ of the peak areas at 280 nm detection

: Calculated Yield in eluate
DEAE- p - Eluate
Sepharose Description ang;ouﬁllfl'or .| Area [280 nm) elfgtgpﬁa;erg :'?m
Run ro. : injection mAUxmD) . | "Hgo1 A33 #+
DS01 A33 G-CSF 0.5 mg 330 (0.50 mg)
DS03 A32 Hesylated 40mg 1560 2.36 mg
HES 10/0.4
DS04 A60 Hesylated 0.9 mg 870 1.32 mg
HES 10/0.4 '
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** RP-HPLC quantitation of the protein confirmed these results

7.2.  Analysis of proteins by peptide mapping and MALDI/TOF MS

after treatment with endoproteinase Glu-C '
The N-terminal peptide resulting from enddproteinase Glu-C digestion of both the carbox-
amidomethylated unmodified G-CSF (Figure 14). and the market product Neupogen (data

- not shown), was clearly detected by MALDL/TOF-MS (MTPLGPASSLPQOSFLLKC*LE,

m/z 2189.1; cystein carboxamidomethylatéd). This signal was absent in samples subjected
to HES-modification by reductive amination (Figure 15) and in Neulasta (data not shown),

- indicating modification of this peptide. In the case of HES-modified G-CSF, wherein
-modification was carried out by activated ester chemistry, the N-terminal peptide was

detected at a relative signal intensity comparable to that of the non modified starting

"material A32 (Figure 16) indicating that HES modification of this derivatives has been

achieved at different amino acid side chains,

N-terminal sequencing of HES modified G-CSF (sample A33 and the market product
Neulasta) revealed a blocked N-terminus suggesting that in fact the N-terminal methionine
residue of this protein derivative is modified by HES derivative. Since the signal
corresponding to the peptide comprising amino acid residues - pos.35-47
(KLCATYKLCHPEE; both cysteine residues carboxamidomethylated m/z 1648.78) was
not detected in sample AGO, it is concluded that one or both lysine residues (at pos 35 and
pos 41) might be modified by HES. '
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Example 6: : In vitro results of the G-CSF-conjugate obtained in Examples -
2.5 and 4.2 and purified according to Example 5: Mitogenicity
of G-CSF variants for mouse NFS-60 cells

G-CSF is known for its specific effects on the proliferation, differentiation, an activation of

- hematopoietic cells of the neutrophilic granulocyte lineage. The mitogenic éapacity of G-

CSF variants was tested using mouse NFS-60 cells (N. Shirafuji et al., Exp. Hematol.
1989, 17, 116-119). Cells grown in RPMI medium with 10% fetal calf serum (Gibco_'
INVITROGEN GmbH, Karlsruhe, D) containing 5-10 % WEHI3B (DSMZ,
Braqnschweig, D; cultivated as described by the DSMZ) conditioned medium as source of
exogenous IL-3 were harvested by centrifugation, washed and aliquoted at 100,000 cells
per well in a 24-well plate. Cells were allowed to adapt for 1 hour at 37 °C in RPMI
medium without WEHI-3B conditioned media before G-CSF growth factors sample
diluted in the same media were added. NFS-60 cells were exposed to purified G-CSF

_variants for 3 days at 37°C and than the cells were electronically counted (Casy TT Cell

Counter, Schirfe System, Reutlingen, D). The results are summarised in Figure 12. As
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seen in Figure 12, the different G-CSF variants (0.5 - 50 pg/ml) were able to stimulate an

- increase in the number of cells after 3 days compared to medium that did not contain added

growth factdrs.

Unmodified control proteins G-CSF/A33 and G-CSF/ASS stimulafed cells at a very similar
extend (ED50=5 - 10 pg/ml) while G-CSF conjugates G-CSF/A60 G-CSF/A32 and G-
CSF/AS7 showed only a minor decrease in activity if compared to the unmodified version

 (ED50= 10 - 25 pg/ml).

(see Fig_ure 8)
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Abstract

The present invention relates to conjugates of hydroxyalkyl starch and a granulocyte
colony stimulating factor protein (G-CSF) wherem these conjugates are formed by a

covalent linkage between the hydroxyalkyl starch or a derivative of the hydroxyalkyl '
starch and the protein. The present invention also relates to the methods of producing these

conjugates and the use of these conjugatw
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Claims

1. A method for preparing a conjugate comprising a protein and a polymer or a

| derivative thereof, wherein the polymer is a hydroxyalkyl starch (HAS) and the

proteih is a granulocyte colony stimulating factor (G-CSF), the method compris;ing

. reacting at least one functional group A of the polymer or the derivative thereof with

at least one functional group Z of the protein and thereby forming a covalent linkage,

wherein Z is selected from the group coﬂsisting of an amino group, a thiol group, an
aldehyde group and a keto group, and '.

- wherein, in case Z is an aldehyde group or a keto' group, A comprises an amino

group forming said linkage with Z, or

- 'wherein, in case Z is an amino group, A is selected from the group consisting of a

reactive carboxy group and an-aldehyde group, a keto group or a hemiacetal
group, '

- wherein, in case A is an aldehyde group, a keto group or a hemiacetal group,
the method further comprises introducing A in the polymer to give a polymer
derivative ’ 4
- by reacting the polymer with an at least'biﬁmctional compound, one

functional group of which reacts with the polymer and at least one other
functional group of which is an aldehyde group, a keto group or a
hemiacetal group, or is a functional group which is further chemically
' modified to give an aldehyde group, a keto group or a hemiacetal
group, or '
- by oxidizing the polymer to give at least one, in particular at least two
aldehyde groups, or _ |

- wherein, in case A is a reactive carboxy group, the method further comprises
introducing A in the polymer to give a pblymer derivative
— by selectively oxidizing the polymer at its reducing end and activating

_ the- resulting carboxy group, or
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- by reactmg the polymer at its non-oxidized reducmg end with a
carbonic diester, or _
- wherein, in case Z is a thiol group, A comprises
— amaleimido group or '
— ahalogenacetyl group
forming said linkage with Z.

The method as claimed in claim 1 wherein the hydroxyalkyl starch is hydroxyethyl
starch.

The method as claimed in claim 2 wherein the hydroxyethyl starch has a molecular
weight of from 2 to 200 kD, preferably of from 4 to 130 kD, more preferably of from
4 to 70 kD.

The method as claimed i in‘any of claims 1 to 3, wherein Z is an aldehyde group or a:

keto group.

The method as claimed in claﬁn 4, wherein the aldehyde group or the keto group is
located in a carbohydrate side chain of the protein and/or at the N-terminal group of

the protein.

- . The method as claimed in claim 5, further comprising oxidizing the carbohydrate

side chain of the protem and/or oxidizing the N-terminal group of the protein to give
the aldehyde group or keto group.

The method as claimed in claim 6, wherein the oxidation reaction is carried out
enzymatically or using a periodate, in each case, if necessary, after having removed a

terminal sialic acid.

4

The method as claimed in any of claims 4 to 7, further comprising reaéting the
polymer at its non-oxidized reducing end with an at least bifunctional linking
compouﬁd comprising a functional group capable of reacting with the non-oxidized
reducing end of the polymer and a group A, prior to the reaction of the polymer

derivative comprising A and the protein comprising Z.
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15.

16. .

17.

18.

The method as claimed in any of claims 4 to 8, wherein A is an aminooxy group or a

hydrazido group.

The method as claimed in claim 8 or 9, wherein the at least bifunctional linking
compound is a homobifunctional compound. '

The method as claimed in claim 10, wherein the homobifunctional compound

comprises two aminooxy groups.
Al ’ .

The method as claimed in claim 11, wherein the homobifunctional compound is O-
[2-(2-aminooxy-ethoxy)-ethylJhydroxy! amine. .

-The method as claimed in any of claims 8 to 12, wherein the reaction of the polymer

with the at least bifunctional linking compound is carried out in an aqueous medium.

The method as claimed in any of claims 11 to 13, wherein the reaction of the
polymer with the at least bifunctional linking compound leads to an oxime linkage
and/or an oxXyamino linkage. '

The method as claimed in any of claims 1 to 3, wherein Z is an amino group.
The method as claimed in claim 15, further comprising selectively oxidising the

polymer at its reducing end and reacting the oxidised polymer with N,N'-
disuccinimidyl carbonate at its oxidised reducing end to give a polymer derivative

' comprising the reactive carboxy group A.

"The method as claimed in claim 15, further comprising reacting at least one hydroxy

group of the polymer whose reducing end is not oxidised, with a carbonic diester to
give the reactive carboxy group A. ' ) -

The method as claimed in claim 17, wherein the carbonic diester is a symmetrical

diester.
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The method as claimed in claim 17 or 18, wherein the alcohol component of the ester
is selected from the group consisting of N-hydroxy succinimide, sulfonated N-
hydroxy sixccinimide, N-hydroxy benzotriazole, and nitro- or halogen-substituted
phepols. '

The method as claimed in claim 19, wherein the halogen-substituted phenol is
selected from the group consisting ‘of nitrophenol, d1mtrophenol trichlorophenol,
tnﬂuorophenol, pentachlorophenol and pentaﬂuoroPhenol

The method as claimed in any of claims 17 to 20, wherein the reaction of the at least
one hydroxy group of the polymer whose reducing end is not oxidised, with the
carbonic diester to give a reactive ester group A is carried out in an anhydrous

aprotic polar solvent.

The method as claimed in claim 21, wherein the solvent is dunethyl acetam1de,
dimethyl formamide or a mixture thereof,

The method as claimed in claim 15, wherein A is an aldehyde group, a keto group or
a hemiacetal group, the method further comprising reacting the poiymer with a
ﬁmcuonal group M of an at least bifunctional compound to give a polymer
denvatlve the at least bifunctional compound further comprising at least one other
functional group Q which is the aldehyde group, keto group or hemiacetal group A.

The method as claimed in claim 23, wherc_ain M comprises an amino group.

The method as claimed in claim 23, wherein A is an aldehyde group, keto group or
hemiacetal group, the method further comprising reacting the polymer with a
functional group M of an at least bifunctional compound to give a polymer
derivative, the at least bifunctional conipound further comprising at least one other
functional group Q which is not an aldehyde group, keto group or hemiacetal group,

~ the method further comprising reacting the functional group Q with at least one

suitable compound to give the _polymer derivative compnsmg the aldehyde group,
keto group or hemiacetal group A.
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The method as claimed in claim 24, wherein M and Q comprise an amino group.

The method as claimed in claim 25 or 26, wherein the at least one suitable compound

comprises a carboxy group and an aldehyde group, keto group or hemiacetal group.

The method as claimed in claim 27, wherein the at least one suitable compound is
formylbenzoic acid or 4-(4-formyl-3 S-dimethoxyphenoxy)butyric acid.

The method as claimed in clalm 25 or.26, wherein M compnses an ammo group and

Q compnses a beta hydroxy amino group.

The method as claimed in claim 29, wherein the polymer is reacted at its oxidized

- reducing end with a functional group M of an at least bifunctional corhpound.

The method as claimed in clalm 29, further comprising oxxdlzmg the beta
hydroxyamino group to give the aldehyde group.

The method as clalmed in claim 31, wherein the ox:datlon reaction is carried out

using a periodate.

" The method as claimed in claim 15, wherein the polymer is subjected to a ring-

opening oxidation reaction using a periodate to give a polymer denvatxve havmg at -
least one, m particular at least two aldehyde groups A.

The, method "as claimed ‘in* any of claims 23 to 33, wherein the reaction of the
polymer or the polymer derivative with the protein is a reductive amination.

The method as claimed in clanm 34, wherein the reducnve amination is camed out in

the pmence of NaCNBH;

-

Tl;e method as claimed in claim 34 or 35, wherein the reductive amination is carried

out at a pH of .7 or less.

The method as claimed in claim 36, wherein the pH is 6 or less.
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The met/hod as claimed in any of claims 34 to 37, wherein the reductive amination is

carried out at a temperature of from 0 to 25 °C.

The method as claimed in any of claims 34 to 38, wherein the reductive amination is

carried out in an aqueous medium.
The method as claimed in any of claims 1 to 3, wherein Zisa thiol group.

The method as claimed in claim 40, wherein A comprises a halogenacetyl group, the
method further comprising reacting the polymer at its optionally oxidized reducing
end with an at least bifunctional compound having at least two functional groups‘
each comprising an amino group to give a polquf derivative havmg at least one
functional group complisirjg an amino group, the method further comprising reacting
the polymer derivative with»ba monohalogen-éubstituted acetic acid and/or a reactive

monohalogen-substituted acetic acid derivative.
The method as claimed in claim 41, wherein the halogen is Br or I.

The method as claimed in claim 41 or 42, wherein the at least bifunctional compound

is a diaminoalkane having from 2 to 10 carbon atoms.

The method as claimed in claim 41 or 42, wherein the at least bifunctional compound

" . is a diaminopolyethylene glycol having from 1 to 5 alkylene units.

The method as claimed in any of claims 41 to 44, wherein the polymier is reacted

" with the at least bifunctional compound at its oxidized reducing end.

The method as claimed in any of claims 41 to 45, wherein the polymer derivative

'comprising the halogenacetyl group is reacted with the protein in the presence of a

~ solvent comprising a mixture of dimethyl formamide and water.

“The method as claimed in claim 40, wherein A comprises a maleimido group, the

method further comprising reacting the polymer at its optionally oxidized reducing
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end with an at least bifunctional compound compn'sing a functional group U capable
of reacting with the optionally oxidised reduéing end, the at least bifunctional
compound further comprising a functional group W capable of being chemically
modified to give a maleimido group, the method further comprising chemically
modifying the functional group W to give a maleimido group.

The method as claimed in claim 47, wherein U comprises-an amino group.

The method as claimed in claim 47 or 48, wherein W comprises an amino group.

The method as claimed in any of claims 47 to 49, wherein the polymer derivative
comprising W is reacted with an at least bifunctional compound comprising a
functional group capable of being reacted with W and further comprising a
maleimido group. -

The method as claimed in claim 50, wherein the at least bifunctional compound is N-
(alpha-maleimidoacetoxy)succinim.ide ester.

A conjugate as obtainable by a method as claimed in any of claims 1 to 51.

The conjugate as claimed in claim 52, wherein -A is a reactive carboxy group, and
~ wherein A was introduced in the polymer whose reducing end was not oxidized, by

reacting at least one hydroxy group of the polymer with a carbonic diester, and
wherein, said comprising one polymer molecule and at least one, in particular of
from 1 to 10 protein molecules linked to the polymer via amide linkages.

A conjugate comprising a ~protein and a polymer or a derivative thereof, wherein the
polymer is a hydroxyalkyl starch (HAS) and the protein is a grénulocytc colony
stimulating factor (G-CSF), having a structure according to the formula
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and/or

N’N Proteln

wherein R, Rz and R; are independently hydrogen or a hydroxyalkyl group, a
hydroxyaryl group, a hydroxyaralkyl group or a hydroxyalkaryl group having of
from 2-to 10 carbon atoms, preferably hydrogen or a hydroxyalkyl group, more
preferably hydrogen or a hydroxyethyl group, _

wherein G is selected from the group consisting of O and S, preferably O, and
wherein L is an optionally suitably substituted, linear, branched and/or cychc
hydrocarbon residue, optionally comprising at least one heterocatom, preferably an
alkyl, aryl, aralkyl, heteroaryl, heteroaralkyl residue having from 2 to 60 carbon

- atoms.

The conjugates as claimed in claim 54, wherein -L- is -(CHz)n- with n=2,3,4,5,6,
7, 8,9, 10, preferably 2, 3, 4, 5, 6, more preferably 2, 3, 4, and especially preferably
4. ' '

A conjugate comprising a protein and a polymer or a derivative thereof, wherein the
polymer is a hydroxyalkyl starch (HAS) and the protein is a granulocyte colony
stimulating factor (G-CSF), having a structure according to the formula




HAS"\O —OH G |
RO /N\N/“\N.;Nbprotein'
H H
H
G- :
ﬁ\NJLN/NbProtein'
H H

wherein R;, Rz and R are independently hydrogen or a hydroxyalkyl group, a
5 hydroxyaryl group, a hydroxyaralkyl group or a hydroxyalkaryl group havmg of
from 2 to 10 carbon atoms, preferably hydrogen or a hydroxyalkyl group, more
preferably hydrogen or a hydroxyethyl group, and '

wherein G is selected from the group consisting of O and S, preferably O.

10 57. A conjugate comprising a protein and a polymer or a derivative thereof, wherein the
polymer is a hydroxyalkyl starch (HAS) and the protein is a granulocyte colony
stimulating factor (G-CSF), having a structure according to the formula

and/or
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<=__—Protein

wherein R;, R, and R; are independently hydrogen or a hydroxyalkyl group, a
hydroxyaryl group, a hydioxyaralkyl group or a hydroxyalkary! group having of
from 1 to 10 carbon atoms, preferably hydrogen or a hydroxyalkyl group, more
preferably hydrogen or a hydroxyethyl group, and

wherein L is an optionally suitably substituted, linear, branched and/or cyclic
hydrocarbon residue, optionally comprising at least one heteroatom, preferably an
alkyl, aryl, aralkyl heteroaryl, heteroaralkyl residue having from 2 to 60 carbon

atomns.

The conjugate as claimed in claim 57, wherein -L- is

~[(CRaRy)uGI[CRcRa)o-
wherein Ra; Ry, R, Ry are independently hydrogen, alkyl, aryl, preferably hydrogen,
wherein G is selected from the group consisting of O and S, preferably O, and

wherein
m 1,2, 30r4, wherein the residues R, and Ry, may be the same or different in the
m groups (CR.Ry);

n 0 to 20, prcferably 0 to 10, more preferably 1, 2, 3, 4, S most preferably 1 or 2;
o 0 to 20, preferably 0 to 10, more preferably 1, 2, 3, 4, 5, most preferably 1 or 2,
wherein the residues R. and Rq¢ may be the same or different in the 0 groups

(CRR);

The conjugate as claimed in claim 57 or 58, wherein R,; Ry, R, Rd are hydrogen m=
=1, ando=2.

A conjugate comprising a protein and a polymer or a derivative thereof, wherein the
polymer is a hydroxyalkyl starch (HAS) and the protein is a granulocyte colony
stimulating factor (G-CSF), havmg a structure according to the formula
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N\Protein'

wherein R;, Rz and R; are independently hydrogen or a hydroxyalkyl group, a
hydroxyaryl group, a hydroxyaralkyl ‘group or a hydroxyalkaryl group having of
from 2 to 10 carbon atoms, preferably hydrogen or 'a hydroxyalkyl group, more

' preferably hydrogen or a hydroxyethyi group.

A conjugate comprising a protem and a polymer or a derivative therecof, wherein the
polymcr is a hydroxyalkyl starch (HAS) and the protein is a granulocyte colony
stimulating factor (G-CSF), having a structure accprdmg to the formula

. H ‘

O\H/N\Protein' »

o
wherein Ry, R; and Rj are independently hydrogen or a hydroxyalkyl group, a

HAS"

- hydroxyaryl group, a ‘hydroxyaralkyl group or a hydroxyalkaryl group having of

from 2 to 10 carbon atoms, preferably hydrogen or a hydroxyalkyl group, more
preferably hydrogen or a hydroxyethyl group, and

wherein the linkage -0-(C=0)- was formed by a reaction of a carboxy group or a
reactive carboxy group with a hydroxy group of the HAS molecule and wherein
HAS?" refers to the HAS molecule without said hydroxy group.

A conjugate, comprising a protein and a polymer or a derivati_vé thereof, wherein the
polymer is a hydroxyalkyl starch (HAS) and the protein is a granulocyte colony
stimulating factor (G-CSF), having a structure according to the formula

in
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and/or

H
N —-L—-I(_ZI-—"_N ——Protein’

wherein R, R, and R; are mdependently hydrogen or a hydroxyalkyl group, a
hydroxyaryl group, a hydroxyaralkyl group or a hydroxyalkaryl group having of
from 2 to 10 carbon atoms, preferably hydrogen or a hydroxyalkyl group, more
preferably hydrogen or a hydroxyethyl group, and

wherem Lis an optlonally substituted, linear, branched and/or cyclic hydrocarbon

remdue optxonally compnsmg at least one heteroatom, having from 1 to 60

preferably from lto 40 more preferably from 1 to 20, more preferably from 1 1o 10,
more preferably from 1 to 6 more preferably from 1 to 2 carbon atoms and especially
preferably 1 carbon atom, L being in particular CH,.

A conjugate, compﬁsing a protein and a polymer or a derivative thereof, wherein the

polymer is a hydroxyalkyl starch (HAS) and the protein is a granulocyte colony
stimulating factor (G-CSF), having a structure according to the formula

'

wherein R, R; and R;3 are. independently hydrogen or a hydroxyalkyl group, a
hydroxyaryl group, a hydroxyaralkyl group or a hydroxyalkaryl group having of
from 2 to 10 carbon atoms, preferably hydrogen or a hydroxyalkyl group, more
preferably hydrogen or a hydroxyethyl group, and

wherein L; and’ L; are independently an optionally substituted, linear, branched
and/or cyclic hydrocarbon residue, optionally comprising at least one heteroatom,

comprising an alkyl, aryl, aralkyl heteroalkyl, and/or heteroaralkyl moiety, said
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residue having from 1 to 60 preferably from 1 to 40, more preferably from 1 to 20,
more preferably from 1 to 10 carbon atoms, and '

wherein D is a linkage, preferably a covalent linkage which was formed by a suxtable
functional group F, linked to L,; and a suitable ﬁmcnonal group F; linked to La.

The conjugate as claimed in claim 63, wherein L, is -(CHz)n- withn=2,3,4,5,6,7,
8,9, 10, preferably 2, 3, 4, 5, 6, more preferably 2, 3, 4, and especially preferably 4.

The conjugate as claimed m claim 63 or 64, wherein L, comprises an optionally
suitably substituted aryl moiety, preferably an aryl moiety containing 6 carbon

atoms, L being especially preferably CgH,.

’ The conjugate as clmmed in any of clalms 63 to 65, wherem is Fz selected from the

. group consisting of

C-C-double bonds or C-C-triple bonds or aromatic C-C-bonds;
the thiol group or the hydroxy groups;

alkyl sulfonic acid hydrazide, aryl sulfonic acid hydrazide;
1,2-dioles; | |

1,2 amino-thioalcohols;

azides;
1,2-aminoalcohols;
the amino group -NH, or derivatives of the amino groups comprising the

" structure unit -NH- such as aminoalkyl groups, aminoaryl group, ammoaralkyl
~ groups, or a]karlyammogroups,

_the hydroxylamino group -O-NH,, or derivatives of the hydroxylamino group

. comprising the s;rhcturc unit -O-NH-, such as hydroxylalkylamino groups,

hydroxylarylamino groups,’ hydroxylaralkylamino. groups, or
hydroxalalkarylamino groups; v '
élkoxyamino groups, aryloxyamino groups, aralkyloxyamino groups, or
alkaryloxyamino groups, each comprising the structure unit -NH-0-;

residues having a carbonyl group, -Q-C(=G)-M, wherein GisOor S, and M is,
for example, ‘
- -OHor-SH;"
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- an alkoxy group, an aryloxy group, an aralkyloxy group, or an alkaryloxy
group; o :

-~ an alkylthio group, an arylthio group, an aralkylthio group, or an

_ alkarylthio group; . :

- an alkylcarbonyloxy group, an arylcarbonyloxy group, an
aralkylcarbonyloxy group, an alkarylcarbonyloxy group;

—~  activated esters such as esters of hydroxylamines having imid structure
such as N-hydroxysuccinimide or having a structure unit O-N where N is
part of a heteroaryl compound of, with G = O and Q absent, such as
aryloxy compounds with a substitted aryl residue such as
pentafluorophenyl, paranitrophenyl or trichlorophenyl;

- wherein Q is absent or NH or a hcteroatom suchas S or 0O;

NH-NH;, or -NH NH-;

NO,;

the nitril group;

carbonyl groups such as the aldehyde group or the keto group;

the carboxy group; _

the -N=C=0 group or the -N=C=S group;

vinyl halide groups such as the vinyl iodide or the vmyl bromide group or

triflate;

-C=C-H;
-(C=NH,CI)-0Alkyl .
"groups -(C=0)-CH,-Hal wherein Hal is Cl, Br,or I; .
-CH=CH-S0,-;.
a disulfide group comprising the structure -S-S-;
0 - '
—N l
the group o H

o
. thegowp OM “NO,

and wherein Fj is a functional group capable of forming a chemical linkage with F

and is preferably selected from the above-mentioned group, F» preferably comprising
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the moxety -NH- more preferably comprising an amino group, F3 preferably
comprising the monety «(C=G)-, more preferably «(C=0)-, more preferably the

moiety ~(C=G)-G-, still more preferably ~C=0)-G-, and especially preferably -
(C=0)-0, D being particularly preferably an amide hnkage

A conjugate, comprising a protem and a polymerora denvatnve thereof, wherein the
polymer is a hydroxyalkyl starch (HAS) and the protéin is a granulocyte colony

sumulatmg factor (G-CSF), having a structure according to the formula .

HAS"-—C—-N—Pratem
> H .

wherein the carbon atom of the moiety -CH,-N2- is derived from an aldehyde group
which was introduced in the polymer by a nng-openmg oxxdatlon reaction, and
wherein the nitrogen atom is denved from an amino group of the protein.

A conjugate, comprising a protein and a polymer or a derivative thereof, wherein the

polymer is a hydroxyalkyl starch (HAS) and the protein is a granulocyte colony
stimulating factor (G-CSF), having a structure according to the formula

O

/[J\/S—Protein'
—L—N

H

ZT

wherein R;, R; and R3 arc independently hydrogen or a hydroxyalkyl group, a
hydroxyaryl group, a hydroxyaralkyl group or a hydroxyalkaryl group having of

from 2 to 10 carbon atoms, preferably hydrogen or a hydroxyalkyl group, more

preferably hydrogen or a hydroxyethyl group, and

wherein L is an optionally substituted, linear, branched and/or cyclic hydrocarbon
residue, optionally comprising at least one heteroatom, comprising an alkyl, ary
aralkyl heteroalkyl, and/or heteroaralkyl moiety, said residue having from 2 to 60'
preferably from 2 to 40, more preferably from 2 to 20, more preferably from 2 to 10
carbon atoms, and

wherein the sulfur atom is derived from a cysteine rcs:due ora dxsu)f de group of the

protein.
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The conjugate as claimed in claim 68, wherein -L- is
'[(CRaR-b)mG]n[CRcRd]o'
wherein Rg; Ry, R, Ry are independently hydrogen, alkyl, aryl, preferably hydrogen,

wherein G is selected from the group consisting of O and S, preferably O, and -

wherein
m  1,2,3 or4, most preferably 2, wherem the residues R, and Ry, may be the same

- or different in the m groups (CRGR;,),

n 1 to 20, preferably 1 to 10, most preferably 1,2, 3, 0r4
0 . 11020, preferably 1 to 10, more preferably 1, 2, 3, 4, 5, more preferably lor2,
most prefcrably 1, wherein the residues R. and Ry may be the same or different

in the o groups (CReRa);
or ‘
wherein
n 0, and

o 2 to 20, preferably 2 to 10, more preferably 2,3,4,5,6,7, or 8, wherein the
residues R; and Ry may be the same or different in the o groups CRRg.

A conjugate, comprising a protein and a polymer or a derivative thereof, wherein the
polymer is a hydroxyalkyl starch (HAS) and the protein is a granulocyte colony
stimulating factor (G-CSF), having a structure according to the formula

o - 9
' Spn
._.NJJ\_N;/ Protein
H .
0]

wherein Ry, R» and Rj are independently hydrogen or a hydroxyalkyl group, a
hydroxyaryl group, a hydroxyaralkyl group or a hydroxyalkaryl group having of
from 2 to 10 carbon atoms, preferably hydrogen or a hydroxyalkyl group, more
preferably hydrogen or a hydroxyethy! group, and

wherein L is an optionally substituted, linear, branched and/or cyclic hydrocarbon

residue, optionally comprising at least one heteroatom, comprising an alkyl, aryl,

aralkyl heteroalkyl, and/or heteroaralkyl moiety, said residue having from 2 to 60

e



10

15

20

- 25

30

35

71,

72.

“73.

74.

75.

-17-

preferably from 2 to 40, more preferably from 2 to 20 more preferably from 2 to 10

carbon atoms, and

‘wherein the sulfur atom is derived from a cysteme residue or a dlsulﬁde group of the

protein, .

The conjugate as élaﬁned in claim 70, wherein -L- is

: ~[(CRRp)mGI[CRcR 4],

wherein R£l Ry, R¢, Ry are independently hydrogen, alkyl, aryl, preferably hydrogen,
wherein G is selected ﬁ'om the group consisting of O and S, preferably O, and

wherein
m 1,2 3o0r 4 most preferably 2, wherein the.residues Ra and Ry may be the same

or different in the m groups C Ra Ry;

‘n 1020, preferably 1 to 10, most preferably 1,2, 3, or 4;

0 . 1to 20, preferably 1 to 10, more preferably 1, 2, 3, 4, 5, more preferably 1 or 2,
most preferably 1, wherein the residues R. and R4 may be the same or dlﬁ‘erent

in the o groups CR_Ry;
or
wherein
n 0, and

o 2 to 20, preferably 2 to 10 more preferably 2,3,4, 5 6, 7, or 8, wherein the
resxdum R.; and Rg may be the same or different in the o groups CR.R,.

The conjugate as claimed in any of claims 54 to 71, wherein the hydroxya.lkyl starch
is hydroxyethyl starch.

The conjugate as claimed in claim 72 wherem the hydroxyethyl starch has a

molecular weight of from 2 to 200 kD, preferably of from 4 to 130 kD, more
preferably of from 4 to 70 kD. '

A conjugate as claimed in any of claims 52 to 73, for use in a method for the
treatment of the human or animal body '

‘A pharmaceutical composition comprising in a therapeutically effective amount a

conjugate as claimed i 1n any of claims 52 to 73.
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A pharmaceutical composition as claimed in claim 75, further comprising at least one

pharmaceutically acceptable diluent, adjuvant, or carrier.

Use of a conjugate as claimed in any of claims 52 to 73 for the preparation of a
medicament for the treatment of a disorder characterized by a reduced hematopoietic

or immune function.

The use as claimed in claim 77, wherein the disorder is a result of chemotherapy,

radiation therapy, infectious disease, severe chronic neutropenia, or leukemia.
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